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I rtoiEcrMAYimavERViEwn;! 



hniect MAY BEU. b 4i»ctei tcwtfdi oceta «imaUiKt and 
^tttiptifit ths ret^MBty pf dctartiai and nacUnf abatft. mteikB. ihipft and submaHnca at ovci-thc- 
roruon *lbiancct uring KF mmoaUtic and biitttk ndtf. 

(1*1 CoActpts iHtaf ilMjiaih jnwiiinif cbnfifuntiom Ao«m tai fipat I are Mng cxplorad. 

(H) Sill support of thcae concepts various thaoictkal piodtetkms. pfopaption mcawfMicnis, ( 
Mctkm tmdkss and fa«IMIty detection dcnMntliatloni have been made. 

f j\ Lf The profrsm emphasis durinc the past eishteen months has been ipr.ific8lty difceted tim«da 
V ^ lietemwruna :l* attcnuabon and chittw propu^tion aspect* that apply to th« eetiecpta that usr Che wi^ 
race waw; wd invertiptint the baic feasibffity of detectini and ifac!dn» airenft wht$ Mode HI. Fleet 



Defense (FAD), and Mode ly (a) and (b). Kojr Tactical Early Wamlnj <B.TFW>. 

V '\ 

(uPTt»c vtrious elTom and their letotioo and hnportance to the basis jsoms^ 

lhovi» in FipifB 2. 



D SUMdAltY OF RESULTS (U) 



A. Hmeeyand Mi —imiati (U) 
I. rath Lom iV) 

[ O) (0* Me* r jftmcnts of tvccivcd ttr»l strength mat ma*; over a 300-km patii extendinc ff»ii Cat*» 
^ Oy in ! Wiamas to the weaving site at Cape Kennedy. Pkrlda. Detafled mea«tmantae«tended 
^om January through March* I970l 

fi}\ S/^ ■•^ »«««g«*» mcmuwmente ar«e wcO wlA prBdictj>di received strengths in ah- 

\J ktate-fvei. T1iespf«adofpc«tiaboutthemeanWofmstoloaipi«dictionsve«»»smcat$a^ 
nd 10 MHt. iMufficient data were tvaiUble at IS and 2C MKt to permit conpviaom. Day^o^ay 
coticUtioii of Mwradair^ level with aea state was not wliible becaiue only crude hindcast date w« 
avaisMc oMca sute. System drifta are conehtded to be lem than 3 dft. Eflects cf ducthtg on measured 
aipial strw^rM « unknown. h)mible spectnl brondening of the dimet ri^ 
hi^i aei state* appevt I on some w co r dfc i 




M0DC2B 
SXY HAVE • SURFACE WAVE 
FAO 




dlRCCT OH SURFACE WAVE 



SURFACc WAVE 
iTEW-t 




MODES 
DIRECT OR SURFACE WAVE- 
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IJiuLi^SriLii 



TASK 

1, Attei«»tloiiAChin«r 
OlcttUttom 

2. avitcnMwiimcntt 



3. Attcnuatfon A Qultcr 
McawremcRlft 

4. ARcnuitioiiOvcr 



S. 



OftCANIZATlON 



7. SriipQoa 
a. WakcSdiay 



Rcct Air Defense 
I. 



FosbUity Demcin> 
stntionTcit 



Ship Dctocttoa 
Ship DctectiM 



ESSA 



lUytneofi/ 
APL 

CSSA 



SRI 
SU 

NRL 



OftJECnVE 



Dctermiiie mtiu* w« itiematijr •o4 
Huxta ti « ft'ftLtion of «• frequency. 

Obuin itmulUMOWf wull^fwquW 
■niter Mi ciwtter meaiuferomtt 

Obtain b^.»tic clultti wd path lo» mctwre- 
Atr. at a function of datanct and ficqucncy 

CUcubtt t!>e e»tw path \om for luif ace 
om Mcfular inhamofcnoui tenain 



Cdmptic and evaiuaU known ootMiion 
mfoimitifin xi SLBM 

Calcutotion snd molei *ea«iiemenfcof two 
ihip'i cfowiection ai a funr don of 

|«pect. and fcequency and potoiiaiion 

Ifeaiuitment of the actual diip uuaaieetion 
with the MADRE radar 

Theoretical investigition of the HF radar 
cross^ctiofis of ihip and wbn wine w ake* 
Ma function of frequency and »p«t 



nr/NRUAPL Initial feasibility demonstration of (ket air 
nr/NRW.vi. J ^^^^^ ^^^^ ^^^^ aiummation 

with a d»itant transmitter and bistatic w 
ccption arith dose in fecrim 

NRL inveitiptioa of detecting ships on aOoppler 
bMis wsins the MADRE ladar. 



SU 



Investiniins the detection of ships on a 
power basis usint FM/CW hiih loolution 

technique. 



2. t»lklp»lim O n« « lti <—t.Ti 



,aiidOki>ctfM(|UI 



« 



felAasiritil 



WamimiVTEW) 

I iTEWFcuibiUty 
lkiiMmlitttOBNo.1 



ORGANIZATION 



Raythcon/ArL 



2, BTEWFetiitility I 
DemonttfitiOA N©.? 



•tioa 



API 



oilccnvu 



1^ 1^ u«n»«ffic. mode 

iwed tf»mmiitcr and • land-baied 
nccivcf uvngskyw*** 

Technic^ 

ovenU pUnmng, and coordination of 
profram 



Flf«t2. ftftktpatini 



Ov|tfiitttloM.T«ka and Ofcjcctb 



«• (cofitl (U» 



OihLL) 





«fHI< 

tnr I 
local 



t. n«rt Ah D»fc«t»d Ship !)«•«•»•• «W> 
I. llH«AklMB»|FA»t<U« 

|«.l»««lumtt.ttliA.-«.W. «h«tU#M*.Uoii»JH»»*«i»«rt*««ft««'«*«««^ 

i« . i«K.rf.o»Ucl.=d ni,h. plan.. .na au..in.tion «. ^ 

200 f«t. »d .« — »« " ~ triTdL, 

or ihc KmiUtiom of* pnperiy dcamed tytlem. 



s 



2. aiirDHK«M (U> 

11« r.Oa.ta* i. . mmm» HF ««««*!^ ** 

f,AjSr Mo«ort.*C«»«<.mlUtetoa«-<-ill«<««»*«*«*«-*'**"«'^^ 

araif»*y. ptrtieiiUfly in aiimuth, Iwvc not been 

|^I«.cHI).«4a».Doppl«(ailU.«d««-k,)«olM«o.L |fhi,h.rip«l«l«o«»tK»fc«»»tor.-. 
i, i, r«Jic.«» «»» ««« '«^''' *•'*"'* '"•^ 

the KVCTil fomt* of roolution hM no« been itudiad. 

f, ,^ isr Hy Wd to* urint *ywm fflumlnilloo » th* li»»el «d i«wmlw*w propN^tien tkom ttlfH 
I •r««i«tfcmte«n«oJ»cted. E««nto.tionoflrf*«C.I«im«««l»«»f«c««defl««wfto« 

-,uicl- nert ynit eq.ipi»d «tth the Nrt.* lyMa eodd hrre m«iy «f the Ki»uit 

proridcd hy cometBoMl active ndu phit MMlttoniJ cepebiUtke. 
(U) tfT ltBi««i~ne«dedthrtlhep«Wtio"Ofmono.t»tfciky-mfMJ«flIunUn.tto«of^^ 
^ vound . Ikrt uitft be lUither leetrf. In p-tkuUr. deten»in.tio« of the poe-bflitiet of *ip «mt*le^ 

«tio«of.n,.tt«to«mteto«.»i»il.bo.td.l.c.ion.ihculdbem.dt THe-lertllhouMiftjdr 

«».trib«iioo. pi««l f«»i the »«io»Uoi». of Wlh ltM*tfo« «-h««q^ 

■cil-lime wnospheie MiriimeBt fot optbmim W i b I mM'' * 
foW The bbutfc hybrid »»fK.*«eco«e.ptAodd be icrted to tl»<rip*wu«C.d«i^^ 
^ ^ «htc«.co«Mb.eohe»nwt«tihll»«»«.««iel.-i.T1»po^ 

be confirmed and thoraitihly dcteribcd. 



C. i«oy Tactkal W«iiii« (tCW) >Sf (Vj 



^ rtwltffti with tbaiuiiUttCTloMted OB aRofr-ihoit buoy tftdfwtpt^ 

thor.' btied «cd»«f lite %ia ■ four4 pro^tioii moik. Fcaitbtfity tcttt wtn contfuctod off die 
Rorida coMt mint • taaiiUti«r loetud on Gv(«r (M Mrtb of Cnnd Bahama bland) and § re- 
ccMffttUtkMiatOpc Ktnnidy. ne path length w« 300 In and the taiirt «§ a Na»y WV Aiicftft 

0^ jSr The feaiibiUly Icala «frt fucccvfid and dcmomtialad that ataiidard radar oalcuUtion Miniquca. 
with andKaiion of Bankka* Urn Rod<d could be used with icajOPAMr conndencc. to dtachbe the 
comarafrofdcdbythtBrFV^lrorvc^. Hie taata, dien, aaubUahed and wlidalad a rnodd for caico- 



Smiy variatkNtt of the ociginal concept weit eumined, uiin* the model, in • fint atUmpt to 
potcntid carabditks In appItciTion to the dcfeiite of the CONUS. of special ttnteftc areat, and 
of the fteet The rt«u:ti of the^ analyses indicate that wfveillancc can be mainUioed out to ranfct of 
300to4<»lmlh>naihoititttkmMthayst<mJofpi»ticaldime For eaampls. the «« eoart 
oftheU.S.f«mNd«ScotiatothcStrrilaofnoi*da,cou!dbeeow«^byato^ lOAoreitatiomand 

• fenceof Mbuoyii 

fti\j^ Allhouih the prtmaiyoliectlveoftha Florida teatawia to detect low nytaf 

C^ato the opportunity to ol»w8 the launch of a foaeidoon^^ EaceOent detection itwila wait 

obtained. No analyaiahm been attempted to dcacribe the eariy waniinf potetitial of this kind of 

afriirt SLBM's; howemjt aeema tppaicnt thai ajpiilhanl oomaiB of thia 

a veiy amall number of tcnninak 
r ^) p«>r«n» has reached the poin: where basic feaa-bility has been dcmoostiated. Some refine- 

^ ment to the undenundinf oi fundin»ent«l Itmiutiofa.is required but more empha« now diou!d be 

pUccd upon th ! dcAnitiun of pcffoniiance ami intrtface re>iuiRnitfntt. of detailed concept deAnition, 

and upon caamination of aamc of the more oh* lui'a cnjineciink p»blema. 



(O) "Hie WW2 concept invoNea tairt detection st longOTH nnges by aiumipating the tarrt with 

^ buoy mounted tnnmitteiai^receptkm of the taftetsUnal at a remote receiver MtevM 
Teats of this concept wot tLCcewftd but indicated thalcovenr would be ircfy limited for any preaendy 
piactkal level of buoy tnnanitter power. 



01 RECXHMEMDATIONS (til 
U(U> 



•I iinaiiiiffnfiiti bt widefUlwn owr • 5 to 6 »onth 

10. IS. » »«•'» ••""'''^^^ 

C nMtAkDtfMMlPAD) (U) 

^ trr 71) the foOowng eirorti Aoul4 *e w - 

laopentionilfyilem: .kw* k mobile and luittMe for InsrtlUtioa 

tbotrd 1 ship web as • deitfoyer, wama *«• * 
maudsyftoB. 

• T«rt the peffonMiice ^ CHAPEL BEU). 

cKpcriment mini ««iUWe fflununatow (MADRt •»« 



• Ni«t FWH Aif rkfenw Sytlem rtuate 10 Ibfther defter ih« iKifoni^ 



tarprti for wioyt ft«|tt«ick^ poUito 
■My MM Eirty Wariai <mW) 

It It luwmrmliiT that lyttanafuly^becontinuod witk cupliab in lh« foOoviniafCM: 
• Jo ^tonMt mm commit deKtip^9tu^ 



To otoblUi the nMon and piwlde ■ deAnittcn of perfonnaiioe and Interface 



To peifoim a pceUmteaiy coik liid^ analyA of the 

To inwUpte the anten'tt pin and ItBiKeea mterface pfoWeiftfc 

To lacammead teehniquei fof tavt location and tnckini, 

To aiee* the na^nide of lha dynandc imr pwMem and to leconuB^ 

Tv obtain bWMte cweMectlon Infonnatloo on lepreKotathe aireiaft a^ 
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I INTRODUCTION iU\ 



^ Cical oi m«l« «d -icraft .tUcUnc the ccnun^nul United Sutcs ^ 

!i"TL. -.»^of..s..^co.r*.«Uonsc«be«Kdto»*.e|*mofU,«P^^^ 
J^ripwcw,.- :odeunn.«theb«tco«bi«tlcm.pf.>mm.todo«ieio^ 
fffecthfciKtt of •sK crr-.nmanon*. 

surveillance desired. 

«umi»lio. »d -rfK. -«e p»p.ption to the Aip. buoy !i«c<.f-««M « -rf«»~« ««•'« *^ 
. „Uo«.»ulwrfww«.pwW«io«loihip.»d«ibon«wnlh«tic.p«t»it«rto«. 
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TACTICAL EARLY WAWONG 

TARGETS 

SL9M 
SLCM 
AJC 

SYSTEMS 



MONOSTATIC ^^^^ 
SURFACE WAVE RADAR 
SKYWAVE RADAR 



"^^"ilSoY LOSTARCET SWFACE WA>mTO LAW OR^ 
BUOY LOS TARGET SKYWAVETO LW4D0R REVERSE 

S^kTlUin«NATE - A/CSYimiEnC RECEIVE 

FLEET AIR DEFENSE 

TARGETS 

SLCM 

A/C 

SHIPS 

SYSTEMS 

MONOSTATIC 

LAND-BASED SKYWAVE RADAR 

""^T^BASED SKYWAVE ILLUMmATE SUW^^^ 

imoY IDS ILLUMINATE - SURFACE WAVE TO SHIP ^^^^ 
SSIa^ lUW^^^^ A/C SYNTHETIC APERTURE RECEIVE 



{}>) Jl^nfMl' MAYBELLPlt«pMOIiietlf«,l 
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Beforr the efTecUTenoe of th«K lyUenw caa bt 4clenriiied, the Wlowinf key lechiuwl pi«»Wcmi 
that must be amweted: for lurfacc wave^ Ihe cfTecti of itt sUlc on clutter and propagation; foe tky- 
wa«et. the cohwtnct of Ihe ionoapheit o« nearby pMha. For ihtpa one pfoWcm ii effective antenna 
«pcftiiiv and beam ilfcfinf in the preeenct of resonant iupcninictufc. and »cood. the problem of RFI 
Ham inlermoduUtion producU from other tnn^tlcn aboard ihip. For buoy platfo»-ni, Ihe proWtms 
arc »«k'Muatc •r'.cnim. power and sevufity and lo tome eiteni wwKahilily of the bMoy. Key iy»iem 
pnHemx. in addition to accuracy, cowife. and e(Tecli»ene», ait ECK a nuclear en»irenmenl« and 
fmally poetibk pre-away of infomation lo Ihe enemy « a retail of our transminiont. 

(Ul Thtie key proWcmi ux Ihe b«i» of the questions prepired for the diKuuion i*oup» and it h 
bofcd that most of them can be amwrrcd at this woitahop. 



II RF;KJIREMENTS FOR EARLY WARNING lU) 



The usefulness of an OTH early warnini system depends on the probability of detect«on, Ihe 
probability of false detectiora. and the accuracy of locMlon and IdentiOcation. These parsmeters arc 
iatentUicd and d^nd on the amount of additional warmng time achieved. 
0) p^^^^^r Defense (see -M^HflBM^M^flHBI^^n^n^^ 




minimum of five minute, (until the threat comes oveMhr+oriioiJis required to jet the ship to leneral 
quarten. and fiftten minutes if nghten have to be scraraNed. The required aea.ncy if s 5» ance the 
tarfet mxnt be designated within the 1 5 - 20» acquisition sector scan of the fire control radin. It ifc 
especially important to note that atteraptt to defeat a r ^ missile by ECM or chaff are much morr 
effective before a missile locks on a ship. 
/ 0 1 )^ ^^^'^ warning ai.cfifl detections sho»jld allow interccpton to be scrwnUed 

\ ' for intercept outside ASM range. Typically this requires ranges of 200 - 300 nmi and an accuracy 
of Snmi. 



UNCUASSiFIED 



I 



I 

i 



UNCUASSIFIED 



UNCI-ASSIFISD 



Tins fACE INTENT10NAU.Y LEFT BLANK 



UNCUASS:ri£D 



UNCI-A6SIFIED 



THEORY OF ATTENUATION AND CLUTTffJI iVt 



DomME. Darrkk 

Baitelle Mcmoml liiiUiittlc 

SOS Kint A««fUic 
Colimibitt.OI:io 41201 



I INTRODUCTION Itl 

lU) CXcr the pasi yeir and a half, ♦ort hat been underway on fhe problc m of Ihe interaction of an HF 
fjdK) wj*c with the rough «». Two mam phrnonr.ena were of con.w. in .he study: I ) attenuation 
uMltVred hy a ffound wave propapitinit across the ocean under ¥8r>in» aea »(atc condition*; and 2» the 
watter tor duller) letufned to th* receiver from the ocean ami in relationship to sea state. Both phefH)m. 
ena coiilU conceivably be limilinr facloii in noar performance, and a knowledfc of rheir msfnitude is of 
imponance in the de-ign and development of such a system. 

<UI On the question of incftased attenuation vcnut tea state, no measuivmcnis made before the MAY 
BELL Program were complete enough to either connnti or deny any dependence on sea state. No was 
any theoretical prediction avaiUble as to the -ixpected n.agniiude of such an effect. With regard to clutter 
or sea s*.altcr. measurrirtentt have been availabk for neariy 15 years which h^ve satisfactorily explained 
the naiun- and mechanism of the interaction. From observed Doppler shifts it was surmised ihal ocean 
«favn scalier according to the Bragg mechanism,in the same manner as a simple diffraction grating. 
Measurements of the magnitudr of the sea scatter echo and it i relationship to sea state at HF have been 
cunsideraMy less complete: only reci ntly have morr thimnigh meisuremenH along these lines been imder- 
taken by Crombie of ESSA. Htadrick and others at NRU and Bamum of f lanford, is well at ihc work 0.1 
data ri-duciion prcvntly underway at Rayiheon. Thesi- efforts all reported under the MAY BELL 
Prrgran*. should provide valuable data on observed se> duller stiength. As to the theory, it was only in 
rxcnt years that Weliel and Barrick related the stiength of the received signal spectrum directly o the 
ocean waveheighl spectrum evaluated at the Bragg spatial wavrnuinbers. TTiis enables a quantitative 
OMinection between echo strength and sea stale which should complement the measured data. 
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II SUMMARY OF ATTENUATION fREDICTIONSlU) 

The piuMctii of aiitfiiuatioii of a wrfacr waw pfopaialHNi abow ■ mug h tea ha» brtn altaiiol in 
Ihc falhrnim manner. Hrrt. an efTectWe «f face impedance it deri«d which accounit for the rouithnm 
• •clla>lhennilrcu«dvcli»ilyof«w.lef. Then Ihu effecliire Efface impedance ii used in an hSSA ^ 
»x«ip*:ict pwrram lo piedict Ihc baiic iran^nission loa between two points oref the sr» vcnu. .laic. 
an llie calcttUlion of the effective surface impedance of the sea at HF h faciliUted hecaine I. the 
«van isaveheiiEht is wnall compaivM lo w.^ekngth. 2. the surface slopes are small, and 3. the wa water n. 
ft.,hlv uMulu. .IPC al HF. Conu^ucnlly, ih.- boundary perturbation approach ol Rice was used along with 
«w lc.H,ia.Kh boundary cmdition for the surface. The ftsulu show that the effective i.npedamx 
4^..M.nimp for roughnc«»» v.m.»i, of two li-nns, one which i. meiely Ibc impedance of Ka water alomr 
and itK. olhcr which contams the eflect of roughne... The latter inv.dves an iniegral over the ocvan wave- 
height spectrum. In evaluating the latter numerically, the Phillips wind-wave spectrum for Ihc ocean su^ 
face was selected as a -typical^ modwi. The presence of swell is neglected in this model, as well as any 
actual directionality. One thus obtains results for the effective impedance which aft functions of wind 
^eed. 

|U> When these effective impi-dsoccs arv employed in the ESSA groumlwave program, numbers for 

h«c transmisuon loss aa- obla.ned. To show cleariy the eiTect of sea state, lost diffeiemx f m dccibeh) 

KM wvx^ a perfectly smooth wa and various comlitioft. of roughness were plotted. Figure I show, such 

an e.ampk for 10 MHi. versus range and wimi speed. THe comlucthrity oToeaan water w« taken as 

4 mh.wn. ami a 4/J earth refr«:tivity factor wu used in the program. Transmitter and receiver are assumed 

located on the surface in Figure I . In Figure 2. the actual basic transmission losses (rather than the 

difreiemx-s) are shown from a surface-based source to an elevated recehrer. Tht fuii number » the loss 

for a perfectly smooth sea and the second is fo' sea sUte 5 (Le.. 25-knot wind). 

iV\ The results show that sea sUte effects become more pronoonred at greater ranges. For example, 

at 10 MHz and 100 nmi range, the signal variation due to sea state is of the order of 8 dB for oneway 

prupagation. 



•A nrport showing the details ami itsulu of this work is avaibble as Tt^ory of Ground Wave 
rropaption actosi a Rough Sea at Dekameter Wavelength." by D. E. Farrick. battelle Memorial Institute, 
January 1970. 
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Ul SUMMARY OF CLUTTER CAta'UIIONS (U> 

iV\ The AMlynt of Kattrr from the raufh occui Mirfacc ii appiMcM with Ihc smic Iccfeaiiiuc n 
uiMl fof ihr aiienuttkMi calculatiom: namely, the Rice pertvrtniipn walyHt iloni with ihc IxQutonch 
houmUry cwidiuon.* The !Vtult» of this study show that the lr.citn*ntal leewved powet ipr ctral density 
and abwilutc power icattereJ liure the patch of sea. da. can he capreoed tn the Mwal radtr lanfe cquatiuo 
fonnaai 

(4ir)* K\ R|f ^ ■ (4»>* R; Rj* 

Transmitted power b P^ . antenna pins air . C, . difances from ifanimitter to the patch d« and fiom 
the patch d% to itcetw aie R, , R. . ind wawkngth is X. The MturJitic* and F. ftt tiie Norton 
altenuaiion functions from tanel P«tch to the transmitter and receiver, respectively. m»ey approach 
unity for *hor: ranges.) They can be eapresaed in teims of the basic transmission km, (in dB>, for 
CK^mplc. as 

iV\ The sea scatter cross section *• ami r«Uted spectral density for vertical polarization obtained from 
the analysts are 

• («)-wkJ (l-cosv)* W|k.rcoa^-IKk.i*ni^.w.«J , 

■ wk* (l-cof^)* WIk.(cos#-ak.»iif I 

where k. • 2»/X. f, - wjit h the carrier frequency* it the bisutic ani«c from the forwani scatter 
dircctioH. W(p. q. i) n the spatUMemporal wiveheight spectrum for the set and W (p. q) b the spatial 
waveheifht spectrum only. TTie normaliaation between power and powerspet tral densitj' is 

(U> As seen in the above equations for • (w) and . the spatial wavcnumben appearint in the wave^ 
heiglit spectra for p and q are pitciiely those iwiuiirt for »n« scatter. This confiima the faiterp<«totlo« 

deduecd from measurements 



•A lepoft pving derivations of sea scatter and the lisnal ipectmm is hi PWP"^*^*' ^ I^ZS!" 
« 2EToS3 in a paper -TTie Interaction of HF/VHF Rad fZ^^i^ ^ 

Item**, by D.E Barrick, pmaented at ACARD -Electiomagnebca of the Sea Mcclmc !«« 1970. 
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lUl Figuw J. Recrmd CIuIict Sigful Spcclnim at 5 MHi for BfcUlk Radar with lOMm Baariine. 

EfTcviive hibr Ungth 1 2.5 and for Timr Detoy One Pube Length Behind Dinct 
Puke. PhiDipt laotropic. FuUy Aroittcd Ocean-Ware Spectram ft Aswmcd (Solid Une*. 
Dashed Um Repments L&ely Mcamremeuls from Noniaotropic Sea. (U) 




iV\ r^uit 4. Reoemd Chitler S«nal Spectrum at 10 MHi for BbCalic Radar with 100 km B i wBw . 

Effective Polar Ungth 1 2.S |is, and for Tfant Delay One Pulae Length Behind DM 
Ptahe. Phtnipa laotropic. Fulty Arouaad Ocean-V.'av9 S|icctram is Ammcd <Sofid Unel. 
Dashed Une Repments Lftely Meaaufcmenla for Nonisotrapic Sea. (U) 
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a«dOi:2Hif«peciivrly The height obtemd for Ihc -«» dcpeno* upon ine pnw»uT 
fhr ihc molution. ihr ihrrter the cam. 

«UI The interpitUlion of lhc« bis.atic duller .^ctn n .pin in vonfonnance with the 

«... Ihc hac.sc.tler d.rec.K,n«. The lower fr.^ue«ci« in the ped«uU "^'^^^ ''f^^^^^^ 

nearer .he forward scattc. reyon. Foe Ui,cr .Uip.. con^pondin, to lon^f delays, the p«i«t.l. collap« 

lo an impuhe f'lnction crnleitd on f^, the backicatier Doppler. 

, , . k about 23 dB below the dirvcl signal. Apin, 

/ 1 1 \ Tilt total clutter power reoewed in thia lange ceii « aoou* m« 

(U> ThitoiaUluliefpowiffe j,..,^ a. h rarely fully developed and iaolropic for 

oh«rved chiller signaU art likely lo be lower becMue the «a ii »"y .^T^ Ke 
thew: radar frequencies. Thea-fucc. a differenee betv eoi emitter «kI direct s.p«l of 30 dB would be 

expected to be ty»iical. 
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BOMEX SEA SCATTER OBSERVATIONS (Ul 

D. D. CromMe 

Imlitttff for Telrcommunicition Sclrncri 
ESSAK«e«fc«-*^Bo«ldcf.Colonrfo H0302 



I INTRODUCTION 



ail OMe..Uons were m«le duhns the BOMEX prt^ct of Ihe coherent b.k«.tler of HF po^vl 

from .V .long li.e e.l co«. of Barbados Island. The ..u were u.en ««nM muU.fre. en^ 
rr^^F r r^^^^ op. rating in .he range of » .7 to 1 2,37 MHz. Suc«»ive puhc p«rs wen: ,r.n. 
colutcni nr r— r »y«'r, k» • ..w. .h«««Me The deniodulMed were umpled 

.Uted in each of ei^t pre^kCed f«,«enc« .n ^V"^; "^^^^ ,,^^,;^,0 biui with an 

at four ranges (22.5 • 100 kin>. passed through an A/D converter, and recowcu oipw y 

incremental tape recorder. 

,U» a<Kt »erti». b».db.«d monopok, for tr.n.mi»o« .nd ^cplkm. Two of Lh» w.r. 

Ihe unK fitqucKy. Thut. 64 «?a«le sets of data teeontod. 

,U, Tl« niat^ power .nd «c.v.r/.n..nn. «n«tr,it, wer, icUminei u.in| . field Mrenflh meter 

open. J,«,«~r. R--.- PO«» ^-o" '-^ '"^^ 

frtqucncieft. 

. .»f..»nx wm situated about ISO ft. from Ihe edge of a dtlT which 

I U) The transmitting and recenang antennas were siiuaiea auwit 

was about 30 ft. abo*t. and 200 ft. away from the water's edge. 
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II DAT* ANALYSIS lUi 

^.iwnn, c,u« «ctM>r. of the « couW be eMcuUled fiom the follow J.- form«to, 

a « ■ ' • 

2.25 » 10* r 



whtfir 



J ■ distance of the tk'attcnrr in km. 

• itceivcd fieUI timcth in (iV/m. ■"^ 
p • ndiatcd power in kW 

tlw> wailcrer behave* as a short vertical monopole contnDuling a ia«or «i 
iiKliiilcd in Ihii formuU. 

III 0»SERVEDSCATrcRIMCCRO».SECnor««UI 

m. son- of .he «.»« of • obKmd .< . ranr of :2.S kn,. «h.« .round .n.nu..ion c.« 

n?\^^io«pr«n«l..umn..«..«KTl».-«--^»«'"'^"« 
«>(i.e..cios<eciK>npci~ u»f I--. lOioMkU. The ite«din« componenW lw« 

«iy the tnnniltcr. 

IV srscniAL density of toe sea surface <U) 

,U, Kno-i..«..«."«n.c«»KC.*«..nd0..b.„d,««.ofO..K..Ur«.»^^ 
*Li«..b.»o.Hli«cUo«-.^«-*~.».«aofU«««-^f«r««--'«««H.c^^ 
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(U) Flgwvl. ONimtf Scattering Croiift^lom lUl 
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Thr fv«|uitv«l rrljlionsliip ii 



07 2, 



•her. « .X the wallrrini, cnn, wclion i.i »i « tea ih L mctcft or i w«e ff«|uency of K hrrti, 

U K tlic raimv <m>, 4^, the k.ifth <m> of Ihe ttlumiiMKU «ea, and | » Ihc accclenUon of pmty. 

a«l W «ampl« of iH>nJi«vtniful fi«Muency •pectn obtained in this way ate shown in Kifurr 2. 
Ilw kmcr eunre sh»iw» an oh^-fved «pcctivm foe c^pwuon w.ih M.«k«wit/'. 2akt tyncptic .prctnim. 
fhc m-M .I.IVC ihow« Ihe fr«ilt» for a wind believed to be Mghler lhan for il.c lower curve. The two 
upp. r cun« U^ow H>cctr> ohlam.nI .1 the wme time as the NASA wave-ine«urin» aifcraft »a. Hymt om 
lb., are. On the downwind di.tvt.onl where Ihe radar data weft obtained. Signincnt wave heifhu de- 
hv.^i from the NASA data »t abo ihown for compariwn with Ihoie derived from the spectra ihowii. 
Pic aitrtvment .good and although the wave heithls art the eompari«n diows that wave height- 
and spectra can be obtained from hackKattcr data. However, to be uieful under roufher cond,t.cni, the 
RMlar wavelenglht need lu he increaied. 

V BANDWIDTH Of- THE BACKSCATTFREO SICNAU tU) 

, U » Some representative bandwidlhs of back«attered signal* art shown in I'iguit 3. The plotted valine 
arc Ihc hanUwidlh 10 dB below the H^ectial oeak. Plot, of the .pectra show a strong tendency toward, a 
(i,u»ian Jiapc nther than Ihe sin »/« fonn enpt^ed from simple theory. T1.c points in Figunc 3 show 
that the Doppler bandwidth incftase* with frequency but that the rate of increase depends on sea slate. 
TV points for 1 1 July represent relatively rough conditions, while those for the 14 and 16 July repre«rnt 
rather quieter seas. 

VI SHIP SCATTERING CROSS SECTION (U) 

/ n W During the BOMKX observations »me dau was obulned about Ihc crou «fCtion of the USOJS 
^^g.,pMt Mitchell. TT»e.rvisedcslimatedcrossKCtionwa.-400m*u«ngtheder,nilionofogive«in 
equation I. T>ie frequency used was 2.9 MHi. Observation, at other frequencies weit unsuccessful be- 
cause of Ihe high noise and interfeitnce levels present during Ihc nighttime observation!. 
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WAVE SPECTRA 




Wove Frequency (Hx) 



julf I9«9 I4IS Nr 
RMS A-npliluM • 0 29« 



RMS Amplittfdt • 0.21 m 



sO.Sm 



(Convoir S90 H.,j« 0.««» 



July IS. 1969 IMS Hr 
RMS Amplitutft ' 0 19 m 
H|/| s 0.5 m 



Junt 12, 1969 <0S6 Hr 
RMS Wovt Amplitudt = 0 24 a 
M,/, » 067 m 



(Ul Fipiie 2. Wm Sp«l« Deduced from Cro»«ctioM lUi 



UNCl-ASSIFIED 



UNCLASSIFIED 



0.040 



0035 



QOiO 



0025 



o 
O 



Bandwidth of Bockscottered Signols 
Ronqe=22.5knn (Rwitive Component) 

7/11/69 M14 Li 

7/11/69 1415LT 

7/1*)/69 0600LT 

7/14/69 140ULT 

7/16/69 0922 LT 



X 

+ 



Y C020 
o 

CD 

m 

S 0.015 



0010 



0005 



R 



X 



Points 

O 
A o 



O 



a 

Frequency, WHz 



12 



(U) FiguwJ. Obs«v«IBandwidthsofBiiclUMtteftdSlg|ttli (U) 
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iV} TV Ml. MiUhcIl li» an overall kfijlh ol 231 feel, beam of 42 feel .nd a dfplacemeni of 1627 
torn, nv fun«d top i. approMmalely 40 feel above Ihe w.icr line, the ♦op of the lallev mast » 70 feel 
jibiivc the water Ir e. TTk maalt are appfoaimately 100 feel apart. 

r C)) >3i<^ When Ihe cn» leiliiw » imrfiaK^ by a facloi of 3 to hrinf tl in aitoidance lailh convenlional 
^ iwvHWiVderinitfcmiof 0 the wlue Kjiwnea 1200«». Theoielival eUima;c» U Ihc cn» aeciMm of a 
dipirfc 140 feet lom in th< apaiT. at 2.« Mil* pvet - 1000 . Ttic a,a-cment appean food, hul ihe 
ihe«ifvtii.»l estimate »iircw|!ly JvpenJcnl on the cfTectivf length of the mail. 

VII OONCLtftlONSfUl 

^ ^ Tlw main conrfiraon* fio.n Ihi. w..rk uH;>g a monotlalie hacksciiltcf radar are Ihe following. 

• -Rie average Katlering crw» »-ction of Ih^- lea can bi estimal.id if Ihe non^irectional 
speclram of the sea is known. 

• The intrinsic handwKllh of the ha A icallcrcd «gna»» is very small but increases with 
frequency and sea slate. 

• II appeati that iIkw » reasonable agrtcmrni between theoretical estimates of ship 
cross sections bawd on mast height, and a measurement fsce Section VI). 
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The pn.n«> in.««t pf MAY BELL ground w.^ »«n.l «nnU.«<k c.pchmenU w« to me««« 
or Ihe wujh ocan icattcrini modd Jcvdor i D. Binick of BMI. 

D AmOACB (U) 

Ort* C.y in the Ukm-^ »d th. m*Mi« HU «t Ope K.m«ly. "P.^. ««t JT;^ 

ndUtta, .bout I kW o.er mo«opol. D-ftag Ihe Hnt lh« month, ct 1970 opmucn 

wit on four frcquenctei. nca. 5. 10, 15. and » MHz. 

fUl SipuU .CR iwiwd on the ITT 16^ement iniy on all tm^t,^ durin, the oMn Moffam 
and with «f«tnc. monopole .nt.nn* on 5. 10 «h1 I $ MH,. o,« a J.o^ poiod AO twrmimnt 
,«lnc«vin,«.t.n«a.w««inclo« proximity to th.Ao«Un.» that the p~paptio« p.tfc«.. «.b- 
ttantially o,« an open .t«tch of ocean fo, . disunc. of 300 km b<K.«e. path len»«i.. 
»pp»«m.ldy 80 km of thb diaunee lay irnid. . *od Itae d.O«i«« a Rpon of lo. water nth deptht 
nnpnt ftom 1 to 5 fithoms. 

(Ul Tl.etode»fof«a«ateu»dinmakiiitco«pafi»»«»l«l««obehhrfc»t«»he^^ 
Rr.« 1 k The Rfennce ».ooth »a datum .aa Norto."* piecHcHon fo. ocean «^e. «itb cooductmty 
ofSmhoa/m. In thi. «»lyA. .«»P«t- -*nal led. deri»«l fn». Norton'. fonn»Ub«. for a 
»lialin( .lem«,l«y monopde. E.tim.t» for the «-ailrble po«r fn»« a ,«»«in, monopote wtn the. 
computed fn»n the fiee «»ee apertuie. imni the tree «uee rin of 2 dB for the ■»opolt. 
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01 RESULTS lU) 

(Ul hth to- <Utt «. $ MHi wiU. monopolc m:n.lio« (Kt Figm 2» *u -OMl to 13 <by^ 

Mounl Ih. »lh of Miich whm htadcMl d.* *o«rt • •««i»«mi 
(U) Oi.lOMH».lo»4.Uftomll»moiK»otewiUm(«cFi|ui»3|ili«w«dUt* 
d.H<Htay «on»Ulio« with hindctti <li.tt -ift Iht Mcepttoe rf the Mo* «0 M«ieh • I S Mw*. *»ff«« 

Mo. «l» ctimite for • miootk «t Hw o.«rf «.<«»J i« PO«r mc»u«n„nU. 0 dB lo 10 dB Wow 
RfmiKt. ipM cl-dy with the B»rick |>f«dktica. for . dWiibuUon of «. rt*t« i«>P«» f"" 0 » 5. 
Iin Th« •« 1 1 day, whw Ih. I S-Mlb ri,«— » ~c*«l «. Ih. BSA. TV BSA •» erfib«.«l 
«temhe IS-MHimonopol..n<l BSA m.«umn.«t. ««« -Ijutted KCordinHy. A«hou,h the d.tt 
b«e mor. t..tneted. U>« 1 5-MHx dita dbpltyed trend. toiUf lo th. lO-MHi d.U; litUe or »o 
ccdatico with Wmk-l ..«pt for the Mauh 10 • M««h 15 period. »d . d.U ip«d 
2 dB .bo« to 10 dB bdo. the ».oolh M tMimtt. TllliO«»«« to B«ick^ -timil. of ibout ♦! 
to • 14 dB for M* sttta f . to S. 

<U) •n<d.ttb«.for?0MHi<KeFip.rs4)«»«d.y.. IW.i««illeet.do«th.BSAbut. 
.rf««cmo«opole«-«ot«.iUbl.for«iHt»t».. Co««va.lly. BSA pta •« »«n..d to In- 
dude the fuU II^B tbeorelicil imy fKtor. Onthltb-i.. ,he»due=of f«»*«d pow«dhpl.y 
to 1$ dB bdow Ih. «»oth » ertmete. Ue.0 •« i«««lici.« 
the Much 10 • Much IS period. 

(U) A comperiM. «in»de of hindc-t ditt («e FHure I ) with wind H>e«b reoorded o«r d.e «.»e 
period at CBI and Ope K«.nedy. Only . f«r contl.Uon w> noted. In the hindd data, the occuiokc 
of northoly wind. .ppe««l to coindd. with the hi|he.t value, of wa». h«|ht TO. would imply oc«n 
W.W. tmeUing in a diiwtiot. more or te. Wnwetw to the piopMatieo path, where t he effect co path 
lo. i. minimal, and coo«quently would he enpeeted to pioduee a decotnlatint affKl betw«ii tu Mate 
and npial level on a point-tofoint bariL 

(U) Skywave contamination pro.«l to be. aetiouaprolto CO aUftequende* On analy* a ».b^ 
««,tial portion (about 40 per cent) of the data wa. 0. the ha* of «»peet«l bia-n, by *yw«-^ 

apah. n>eellminatioowa.accompliA«lp.imariy by e«amiaiB« the peak, of the tibial H)ectral 

densty for atabOity over a iclativdy long period. 
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• •hvw h i» .lie i»..und »j«c l.~ Ijv...i Ivi 1 . B.ri> of 1SS,\. 

,U. I .tu.e 4 ,..ev »..rm.hA J ^pn.l levels m.de usinp .he jh...e .echnu,u« on HMS A«.h«si. J 
I,,...* ...Me Ih.- d,..e,en.e K ..een ,he vu«e dehned hy .Kv p.,.„.. .nd .he plo..M lo« «u,« ».»vs 
•K- ,*l.r .re, 1 he dr.«p .n .he «sn.l k«H .h» lo«»cf » hy ( «e PoiM n 

in I t^uH* ^ 

n • I .^Mu- . PK luro ol ihc rSS I ..V Jnd I vufc 7 pc. llir fiJjf ifc- Urumi.nilHin. 
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(Ul Fi|ttf«H. USSiuHu^A.I'ttrrrjaCi-MUl 
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H^ H%(KSCAni.RI-KOMASIIIP*SWAKI lt!l 

U. U. CrwAbir 

Imlituir l(ir 1 r kx timmunH'alHin Si-imir% 
I.SSA Koran ti Ubs. Iliiuklrf . ( hIhtmIo N0.t02 

f 

« 

I INTROUUCTION (Ul 

a I In I M|,M the * nu r %(tnEi*^ial jI d IK kn^- Swh-ikc Bturil I USB i nwclinf th jl f he hi|*l) pern hIh 
ttffuvtuK »>l J »hip*i wAf miithi hjve a lafyv rcsoiunl wattcnn|t croswclitw. It al«» suwi sivJ that 
Jl Mime JMVvU. at IcjM Ih* IXwUt %hift of %ipnaK rcv>fwnlly watlrrcJ frum thr wjke w<iulJ he Jiffer. 
rni Ir.MM ihjl of ihc >»|!njts rcMmjn'l) v ttcn-iJ Uom thr A> a n-^ult Dr H Kurw hjs invcstiFalcJ 
ht»»ttii- IK^rpli' >hil! Irom j make d.pcnJ^ on the y\up\ vchKily. on Ih/uirecnon of inudcnce. ami h»» 
itv %jlue Jl rvHinanee compifc^ »nh the Dopplcr shift of Ihc *tfJ clutter, lie lu% also investigated how the 
«h jltenn^* vri»« vction depends on the same faelors. This note will wmmari/e his rcujUs. 

It DOPPLERSHIFTlU) 

^0^y(^ The IX>ppler shitt of the signal hailr>>cattefed from the sea is given by 

Uf,»j - ■ t'?" .V'Mtl lg's|iOs<« ' B^,\ f') 
whik the IKippkf shift of ihe sipnji wjtt.Tcd fiom the wake at reMWjnce is given hy 

I Af,»w ■ (.V' /4»l Wv) U'os 0/1 cos Iff ff^ 1 1 » 

Thus thr ralm is gisen hy 

at,l^/tJ>t,»^« • acosfl/|cos(fl: e^\\ ^ 

whetr a • .1**/2^ • 0.930fc. 6 ii the angle helween the dircciion of the transmitter, as seen from the ship, 
jnd Ihe direction of the ship's motion, and v » Ihc ship velocity while g is Ihc accclcralion of grjviiy. 
The angle 6^ is Ihe inchnalion of Ihe cusp lines of Ihe wake to the dircciion of travel, and has a value 




III si Anmiwit "OSS 

^ •huh .:w.«u. .h.l the *H!lh »I Ih. .«^P hn. . VA^. ^ 

THUS .h« w.ilcnn, v-fon f.« c.«i.po««. oT ft. «*' » 
KhinU Ihtf uibnwrinc. Thu^, 




^Fjfurr I. Angubr Dcpemlrncc of the Ratio of Dopplcr Shifu from a Wake and the Sea at Revifiam (Ul 
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IV sons ON omcnoN of submarine and SHir wakes <ui 

^ ^hin llw imUi niu»l •"'> •«> "»'" ^t""*"' '"1<«'h>- 

.«,u.«J. Tl.« ..np•«:^ ohur .....n .un« of . f.« »im.««. Th* .rf . !»>...« f.to » .ho 

V '^H.ph. . u„.«. c-cuU...»»c^. .he •.i«»l,h. l»*U...d .«,*p.h.of «P .0 .-00 f. ..U f.. 
(Kj.»f .hm » k.» tloww ^iwb t»q".»* """"w 

I ^ ^0 »J.r » qui!. comp««l ««•. «*«-~M. .1 f«c««Ki« b«..« of .h. 
gimiiid wa^c jitcnuation. 

, M i*f ft«id.d.h,«.k,Doppkr.»b.«P«..af«M».l«cl»...f Dopp.«....d.,fo.dc.«.i»«w.^^ 
I ^ C he lM«i..d. n,„. ,h. «kc »"plil-* >» «te.mbl. *pc«d only o« 

amlHcnt noiv level* and iranMnittef power. 

I Ji,. .h.. . "to fo, d..«.ion of w,ke. would con.i.. of . r«l«d n.«.o,...ic.y,.cn. 

I *h r...H- «ai .V .«nsn,...cd . J.ff".n, .hy < H . frc,ucn.y fK,m .h. ...ficu. on.. H..- comrle.e 

f,c.iaon.> v« »ai he compk.cd wi.hin h.lf .he penod of .he Doppler riiif.. ..peced. Succ««.. 

ticn J« a. .he ume fiequency wUl he .dded «oli»ie«lly. 
( i) ^ At.e, vp,.h from one «, h«.h ".nn." oT .he ..k, .« de.,<.ed .hei, hearin, can he delenn.ned 
^ b» ..noc, me.h.Hlv I. « P»e«med .hat th. rt«i»«l .i,».h •« be P««e.Kd a. .ndi...ed above ,n 

%r%erjl ranp: ple«. 
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FUET AIR DEFENSE <U> 



Mi;;. 



UNCL.ASStFIED 





FU.Lt AIR Ott-ENSK RtQUIRCMWTS <Ul 



rMlT.Sliiw 

Radjt Di«i>i<>n. >>>> Ror>"'l> Ubocaluiv 
M»<hHiil<m.U.(°. :0i40 



I INTROOUCnON (Ul 



I ^ n«. ..m« m«l orcMt. i. . ho.lil« ««i«H»»«« ««*f *o«t.«l »nr,m.«* by .,.«l.n -ubmann^. 
••ncutMl" »h,rp.n, «r.»fl. c<mi. lypo of Und h.«d «n«>n. .rd p««Wy u.d .lev «.ch 
„,A.n, «v of ««««» tc hm.,u« aw.l.No . of . .. mJIv .dv.nc.n, InhmHo,,. I« «d« to 
c.l«..wly. o... n«. u«..» n«d improved «.,^c.lUm, d... r«"««n, d»l«l«.n jdenLfK. .o«. 
.« of . .h,«l whilr wrfKVM IM»e «m«« f« *f,««ve «Kt«r. Th« 
..PiKhtv med» to be i.«UN* undei dl •e.tbef «»d.lK»«. effevlM under I NTON ope.ii.n, 
...«d..H,nv h.fhly r^lMNe. and vpaN. of p.««l.»» o* ' •""» " "* 

UHful to .l..pbo.rd delen«,e .yMemv In ad J.l...n. the ««.M^t VMem muM m>l obvute 
arrroprutv ollcnu»e defenwe balance witliin lU-et umU. 

II DOCUMENTED REQUIREMENTS lUl 

r L) \ IXT OffK .ally . tnt Na.,'. re.,u.««e«N fo, Reel «r defeme «e c«.»^ by Oenerrf Op.ral.on.1 
^ ' Re.,...rement ...OR. 1 1 t.lled "Surf*. Anl-A.. Warfare" .hich ««.«tully that all *.p, m»« be 

aNe ... defend .hemwhe* a|».nU U«».-.an,e miwlev and lat^ t* tkal uniu mu>. be able to counter 

,h,ea.» f..«. all «M.Ke» .mlud.n, *pa.e veh.clev Advanced Doelopmen. ObKv.^e « AIX.I P-.-'X. 

-Sh,pS«rd S«.l*e *a.e B.Jaf" dc.U more %p.cir.cally «Uh the prohaNe .hnal <nd pwMble require. 

mem. to, »h.pb.«d M.,.ace-wa»e r«la. » . .ii»«i»of »c^.b«*«n/«« .OTHI de.ec...« of the thre... 



Ill NATVREOFTHETHRIATIUI 

IXI PO.'X. Mimmai./i'd in I ipite* I ai 
ao II al...".deMWlVap«HV.rf a. leaM I W»»m. u««e and ha«.n» a radar ro- *.l«.n .RfSt of o«e 



^^C.«.-.n..«MMU.«..M.".--^ 

..H,:...w uun^w. svs., .S..M...X K. «..w svN-; 

r:::::r::i::.^ — — - ^ 

IV THE REAL Nttl> lU> 
.s.,-.----— 

. ni.-vmc.u.vsMnJvflMltlNvo.id»lH»«v 
. MoMhly to cine, n|H-wtin» aKa of intcrvM 

. Ab.i..> i« Jcu-c.. .d"«'fy- *• 

. Vc..K..> ..u„o of • 5.«.A.«.bo..«.n'..K..on«.u„.... 



ADO irUX: SHIPBOARD SURFACE WAVE RADAR 



BRIEF 
InsiMlily 



fhr dmtopment work mrt^ lo pf a%e the mititao «rf«ln*>». It 
nnancial acctpUbibly of a Shipboanl Surface Wa*e Radar." 



ULTIMATE OBJECTIVES 

1. •*ropio*ide€ifly4ei€clioiioflownyiii|tirtifiet»»l«rfiirof 
lOOmileior " 



b. '^o|wideafimulhan|kwdlJiiie«»««5»<»«"««^^ 
cnlcr the normal drfcmive radar trntiope," 

c. •meiitheobiecti^e»achieired..d«Wo«whell^^^ 
into Enginccnnt Doriopincnl miXL be node by CNO. 



(O) \^\ Figure I, ADO IT-UX. Brief and Oliiwlbe%VUl 



ADOlt llX: SHIPBOARD SURFACE WAVtRAOAR 

A»VUFYIHC DATA SU%MARY 

a. P*f fofmioce Dniicd 

• De'cclion of tow flying l-m^ Uffet •« IWMml n»V 

• Rangr mohilton of r I timi 

• Af unulh accuracy of = S** 

• VclocilymoluiMmor ilOknon 

• rncfivqiiciicybmaswitfiinHFM 

• Rapi^»MfliiigbH«neiifcequ«cyU«dt 

b. ComtrainU 

• Ughlwciihl and compact 

• SniuUefotimtallalMMiiianDovlaricrdiip 

• Compatible with cwf«it»lii|*oafd|io«ftliiiiHaiio« 

• No bafmfulinHff«f«»c«loHFcommttnkaliom «>♦«««» 

• No phyikal hann to pefsomwl m expowd localiom 



O) tgfffgunt. ADOI7.m.Swiimaryof AmpKfyiiigDaia lUl 




V wssiBU oiH soumoss an 

■f .thiN^ liniUtf J to Mnpi> ol 50 to 1 00 nmi. m 

jnJ ihKkncv. .aiuHlilk-s of cv.,H»f ativc Uocln. 

.S. ... o,., ...Mc — ^ H>^n. . .un. .n .... on. ~ :;rrr ^^^^^^^^ 
lot j1 j»foMt*ni. 

VI CONCLUSIONS (Ul 



in I ifMfc 1 1 '>ff^'f^ -» rwcl 
itui *tcr- tK- ukc« tcmard iinrlcm.'nuiion of mkU 4 .ystcm. 



0) 




RfurcS. 



- ^ • MMMMw for Minfanum TriMmiW Pow«r 

Detenninalion of SSWR Optimum Ft«ri»W ^ . 

..-t loettiiif ««»^ "t* " * 

Requkcmcnt (comUnt •iii«m« wpnwuw 
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IMPOSED BY ANTENNA 
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7. EMimatffd Oiarartrrolin of Shipboard Swrfarr «Vavr Radar S>Mnm li* I 
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" lUiif* from Ship 10 Ti»|rtf«»»»«Oie«UI 



COVERACe RADIUS 
100 NMl 




PROPOSED METHOD OF OTH THREAT DETECTION 



1. 
2. 
3. 



Ihc • tcmolriy located OTH «ky«a«c rad:r to detect and locate a threat and |MmuM> 
to «.«imninniratc Ihb **cirly tvarntng** to the \hip or taUi fotc* yndcr attach. 

Equip one or matt shtpt in a Ink force with a bHtaltc wrface wave radar capability 
Mch dial they can make me oflhe ilhimination of the threat hy the ihy »a«e radir. 

Equip one or more shipi In a bih force frith ■ monoitotic wtfarr we radar 
capabUiiy to provide impro*cd data on OTH larfeli *hkh ha*c been identified 
as ihrcaCs. 




nfure 1 1. UyMd SyUcrn for OTH Smvetlbnce lUl 



run AIR UtFtNSE RVOIIIREMENTS 
FOR EARLY WARNING lUl 



Rkhard J. bluni 

* 

The John% llii|>kim UnhctMly 
A|t|)tird nt>%ir\ Uburalory 
11621 Ccorgi* A«Miue 
Sil»tr Sprint. Marybn4 20910 

i !NrRODUCnON lUl 

'')^ Thi. MPcr JiHUVH-> piisi KMUtwmcntv for dclcclion »nJ jlerling of 4 T-sk I tmc -painvt 
" llH- r'»n»JO -nti Uiip wniiw inis>ili' ihrcjt. A s) Mrm which aJc<iujlcly mcil . this threat i.iU almost 
.crt4mK vtisfy r..,u.«mcnts of U-xvcf threats. An ctamplf of a voordinalc.t m»«tc attack which mifht 
K- cxtxvtcd apjmsl a Task I oicr in the «iHn .Kcan K ilhcuwrd to hinhlight^thr «licnl fcaluiw of Ihe 
%an*H« type* of weapon* avalUNc to Ihe enemy. To piovidc adcqtiate AAW defense apinsi such an 
attack. Ihe AAW fiwce con.mandei recpiiiw waminf of ai* impending attack with enough time w that 
he may uw his defensive AAW wrapons tn the best way. TTic action* that need to be taken to prepare 
Ihe dctVnv, together with factors affecting decision*, arc outlined. Cro^s reciuirementUor threat 
ft.. .>pn.t.oo. time anu faring are pven. Because of the need to communicate eariy warning information. 
^ rt.nct.onjl d.-s.ripiion of an inierdiip communication system Y^t on NTI)S t» provided (Figure I k 

I ( > » The ensuing discussion follows exh of Ihe charts in Ihe prescnialion. 

II COORDINATED MISSILE ATTACK (FIGURE 21 lUl 

ICI The Soviet Navy has l*en growing consideraMy duripg Ihe last 10 years with Ihe ininHluction 
of man> new types of ships, missiles and aircraft. The anti^ip missile threat has now reached a level 
of q ialily . diversity, force si^e and geographical deployment thai estahlishc-s it as a major constraint nn 
U fleet operation*. The threat, although devHoping in detail, is established in genewj^ pattern and 
cannot he espes led to change radically any more than the U S could easily divergD^rfom the Jtlaek 
Tamer Task Force concept. ! 

< Ul A well coordinated missUe attack in open seas might be t\\ ccied a* shown m Figure 2. 



.0™.«-l AK«. 40 .045 «.H.U. .... su.v..-«» .>.n, oK... .n. « --23;; 
.he I SN ..«r Arpr.«.m..W> .>5 J5 >h.».lJ l« «.k.n, m.sMl»v I. <k n.Hrd ..... 

{,,..K...1i...«nw.r«wn..i«> „»A.cv.,l*r«nia 2 1»> mhml" •««»«« b"*"- 

I: ^-i^......, I- .""W- dc«M.> will ». hW. «Hl «» l« « . m-m- P«" "f "« 

.rf 50.100 fncnJl, lr*l.. c- •« .»P«««» '« -f*^^ cla-r m H, sh«« »>i .»S0 fn.od.» 

III FUNaiON OF EARLY WARNING (FIGURE J» «0I 
I. )\ iPf The ,.nm.fy punK« o. «rty w.n,i..g h lo ptovi* limdy l«r«m..Mm lo .h. AA» for.. 

ht:.:iV.r.. Th. .h.. .H,. ..p^na .he .nron.,..* ....He .o .he co». 

nunaer jnd the le»el of conOaence he h.» h. Ih. «lidi«y of the infomulKW. 

The moM chlK.I fx.or in , good *fe«si.. P«.ure » bringin, .yMem manning .o-elv.o W 

, .^m^naen .r. rel-v.,n. .o .hi, action un.e« .ime., and r» hrea. 

.„lea Re.cn. Oee. »«K.«s have aemonMra.ed .ha. de.c.-.,on of .arget. w.lh «,oa.nea .ona...«i J 
llh.. r.he «ng.. ««, .in,i,in, fac..x in defen».. c.pahi.i.y again,. «m-.a.ed high d««..y r,.d. 
, Toh>ra«.hemanynonndKM«e«.ial..ep.inth.pr.«»«,ofurge.vSAMandtW,^^^^^^^^ 

C ' K.ng N.... .«day .some ..eme«.a„ .y«em. h..c .l,e«l, be«. in^lalW. wi.h «H...led 

•Th.e.. Lpor,.veMode> ofo,»,-.io«. |,a*-ly.«.i. co.cn« depend, on ,de.,ua..r«.o....»n 

« .den,.rKa..o« of :h.. .h«:.t. Some .h».gh« o. pro-idin, r~.i.c rt.r.a. n.cogn..ion are 

.hart. If .h. nee. ha. .ho«« .o KMCt)N a. a decep...e measure and pm..... .hrea. rcogn..-* 

.an he oWained. doclrine Uiould be ««aM.shed to remove radia«K.n «len.e 
a< Some .he ».ion. which .Ul .nh.o.c de.ec.ion and .arge. P«xe,«n, aK .o «nploy .im..ed 
ZLf, .anh b, .he opera.on of radar co„«..e.. .o r.re con.ro. radar, m .u.oma,K "-^'"J 
U. hr,«g .be for.. MM .o a di.r...on whKh «d. »-m.,k radan and .a«n.be„. The« dep.«l on an 
adct|uatc knowtcdp of atlick bearing. 



101 



,„ »,.N6.HB SH,PS COU.PMEHT. . SYSTEMS TO .EAR .H THE BEST WAV 



FACTORS AfFECTING DECISIONS 

POSITIVE THREAT RECOGNITION 
ft TIME AVAILABLE 

POSITIVE THREAT RECOGNITION 



ATTACK BEARING 



ATTACK BEARING ft TIME AVAILABLE 



GO MANNING LEVELS 

0 

EMPLOY THREAT RESPONSIVE MOOES 
REMOVE EMCON STATUS 

CONCENTRATED AZIMUTH SEARCH 

USE OF FCR SECTOR SEARCH PATTERNS 

UNMASKING EQUIPMENT 

INTERCEPTOR ft ASW AIRCRAFT OEPLOVMENT 
DISPOSITION OF SURFACE ELEMENTS 



Figiuv y Functivn of Ejfl> Wamlnt IWI 



IlK- .«tc..r^..«^. S..I. t-AI- .nJ l>l I Jc,H»J..« «.irH»»l .H«^ I" l-nr .hoc W 
V« ^m.t i ino.. .11*11 l«lcuc,...«..,M. . » burnt. whu .-v 

««« ,«»,«U- l»«.h. J«..u,.«, Mmm.r, ....Mil «H» .He PMhcw 1 ,mH> 

^ ... 1-4 d.-.v..J II.C h.,.. . u-fvi K. .ic > ...cm ...iv N' .rr».i"»«' 

the jiijA .»\»o«J i» III.- Ii.|!li »jl>'.' uif«'i- 



IV TIIKbAI KU'0t;MTI0NlH»ntr4| «Ul 



....h «... he t^r. ... ..ic............n ! ...o-. ^'n^n, .h«.c..r.s.K. ..f « 

pcmc ,hc U^t. The ai,l.««ch..J n,K-1« cu,«n. *u-««iM« h . Dorrl« o .bo... 5<. Kro,. 

.«««.*. «J «.h|.vt .0 Uc..v....n Sro... ....ss.!.-^ f.rcd ...a. .he ...TPt.' f-m M.rf...c. «. - 

. .hK.. i.dKa...«. Oh...ninp ..i.vi.. ..v...r ... wHhi.. .0" .ill p.c .h.- f.-r.c .o«.m.nacr an .nd«..on 

«f .he « f..h.« of rnhMlc .nj J.. I.lc .he md l.-r sh.p ,edopl.-> men.. 

V CROSS REQUIREMENTS TO ALERT FORCE TO WMNENT AITACK (FifU« Si (Ul 

(•ir T..ne .nd K-.nn, rea...re.«en.s for .he .e.»r.l defe.«h-e «. *o«« "n '".s ch.r. T|n.e 

C.«men„ .««.b.e .n.o r.n^- K..-d on eurm,. mi.v.o ,pe..d, of ,bou. M..0 ,nd po,«M> M-O .n .he 
fuL. The l.mi..n, f*.o, tn ..mc .s .... d.l.y a.vxu.cd wi.h hn„pn, ship, .o CO. Ten mmu.e. .n,pl.., 
, „n« f««« .he force of .he o.do, of I OO :00 nmi wUici: correspond, .ouf hly .o P»siWe mi«.l. 
b..n.h ,.np. and .heref.«e eon,pa..Ne «..h .he ,e.,«i,«n«..» f.» PO«.Ke ihiea. recopni.ion T.,ne 
«Mu»anen.. fo, poo. *ip dispo...ion. ho».-*et. m «o, s..Mx.on- for .he fo^-. command., .r .M« 
dcctr^wt deployment ta»:tic«. 



„ f «.ar,n» ,eMu..emen.s for Karch radar, are lM«d «. Mmhrd experieflce in fU*. »»ere«« .huh 
the tha. npe„.OB d. no. d...v. .arp.-.s from «n.ul.a«eous hearinp separated m.»e .han W . F.r.- 
.o„.„d radar heah«» accurac..-, *ould be wi.hin .he au.oma.k scor «an;h p...em, of .he« rada,» 
which «jry frum IS* to 20". 
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SOME CHARAr rCRISTlCS OF THREAT 

- SEPARATION OF ATTACKING MISSILE FROM LAUNCH CRAFT 

AIRPLANE (DISCERNIBLE PV ^50 KNQJ, DOPPLER RESO 
• WITH A 50 NM RANGE RESOLUTION. 

SUItFACEO SUBMARINE 
SURFACE VESSELS 

- TARGET PROFILE 

SPEED 
ALTITUDE 

VELOCITY VECTOR ( <I0*) 

CAPITALIZE ON ABOVE CRITERIA TO KEEP PROBABlUTV OF FALSE 
ALARM LOW 




SAM GUN f cw^svsreMS 

TIM£ 

TRANSIT 

ON-STATION 



5-10 MIN WITH iiOOO SHIP DISPOSITION 

.11 HR VHTH POOR SHIP WSPOvlTlOM 

-1-5 MIN WITI GOOD SHIP DISPOSITION 

• I 2 HR WITH POOR SHIP DISPOSITION 



» <■ ■ • ,■■■» 

t / I 



BEARING 



FOR SEARCH RADAR 



FOR FCR 

l'*L^?CEPT0R_»IS'»^M5-- 
TIME CAP 
DLI 

BEARING 



WITHIN reasonable: rCR SECTOR SEARCH -15 '-20* 



-J MIN FROM 100 NM CAP STATION 
—15 MIN 

WITHIN A I RADAR 'JCAN 



-20* 



iVi Fiftnre S. Iif<m Rc«|ttimnmi« M AWl f *n\t •«• ImmHirnl ,%IIJ» V il l 



. . , .....v . . M- " " , 

..,H,..„,.,...: .„..n,H.«,a...l.c.n...n, , .r..,*^....-. ... 

„ : ........ • * 



[o)y ...M«! ...v.....". 

^ f., 1 \»OS. I. r. ulvmcm lhi«l Hi.-. .1.." ...d.iH»J."« ... « 

. K ...... on ....... ...n.. .. ..n..- ... « ^KX.N. .... r —^>^<^ »^ 

, w„ M .I..- .«.••• " •• 

VII l^^oR»\noN KOv» TorKOVlw^ in. .jt- ioiiw lowoctss .« . , 

(0)/ v.... .,.„......;.,...,.....n.......,.h ..."p ' 

, „,,..K... M..«.....K...m.s.. ...,.Ms.«..,.>..n..U-«..<W^.-""»""'" 

loin. |... ...N-f... ... l.l. ....t..'.""> • ' 

K,: ...nj ..... .... rr""' ••" "«-"^-^ 

.(..,,. 1.. .I...... M ..«l..n..> ..I Ih.- J'P..' ""■ ' ' 

c'/C. .„...,... .....„.-.r....-......Hc...n.,..f ...... 
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HIGH CONTIOENCE OF THREAT DISCLOSURE. THEN USE 
NORMAL COMMUNICATIONS 

ROUTINE DETECTIONS WITH NO POSITIVE THREAT INDICATIONS T 
- FOR FORCE NOT IN EMCON USE NORMAL COMMUNICATIONS 
. FOR FORCE IN EMCON NO IKTERSHIP COMMUNICATIONS BUT 
CONTROL SHIP SHOULD HAVE COMPUTER CAPACITY ft 
APPROPRIATE ALGORITHMS FOR. COMPUTATION OF 
INFERENCE ON KOSTIU7V 



i f ipttv 6. TtrssiHe CuwumuikalnMi Cmilnil il'l 



PLANS /cooes 

OAN I ORCE irrORMATION 
iraEU-IGENCe DATA 



COMTACTS rHOM 
OTHER SHIPS A/C 



CONTACTS 
FROM fylAYBELL 



SHIP COMBAT UMT 



CORREUATIOH 



' — r 



OBSERVATIONS 



imRENCe ON 
H05TIUTY 



THREAT 
EVALUATION 



WEAPON 
COMMITMENT 



Inf.imutMiii FViw l« P^miJr Input* t» klrfilirHJlion Yttaicr^ it* I 
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FAD HISTORY (lil 

I. M. Hcadnck 

Nav>l Rev«f»» Ubortiory 
Washington D. C. 



4jUuiith>n< WW made I w inai iuw^> ionc^nh^nc model wi* per 

method h*s p««M.««»; »iK .M'y«« » •«»'«• «• •»««* *7 J" 
••M.«u.-Thr.*t Sh.r ivr.«« St..J>".U.«f « M.> 

^ A of „prnwn..l ...u n«o f«n m,de u«n» fSSA l««m;«».n. f.« .l.»n..n...<n ,nd th, 

* ;:^"^«!:.!d;>,r..una-u■ „..«».,U.c.«-»r..-..!.H.rh«p.~« .«...d..u CK- 

IU.C u«Hl J. led u«n, the I SSA-m-WtJ » • » **• 

The ARFA MI. «P.„me-ts .ote pU..«d .o <o«.ple.Hv d«.K«.«t.«c .he h.MC te.s.M.^ ... 



at 

altitude l^iMiti. .I'-v. : 

" . ' . .....uch. detect..,,, cap.h.h.vm.yh,«*«,.Nprh..t.o«, It...- 

:::;.r.tr:..:::::: - — - — 

, m .^»4tu jlirr the tnsi ihi*mIc Uilr».ii4m%. 

ItK tUcI »*ml "|V t ' * '** ' 
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(Vn)= P+GT+G*+T-N-IOto9(-2p-)*-L-IOIog (^) 

WHERE -N= 148+12 610(^^2^^2-) 
<r = 40109 (^^) 

1 « GROUND WAVE LOSS FOR ANTENNA 
HEIGHT O.Zm,tr HEIGHT 61 Om 
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UNCUASSIFIEO 



-FOCII SPACING lOOOnmi AND 
<r»40log(-i^), GT=24+10log(-fc) 
GMS+IOIogt^y). -N»l48+t2 6if<-i-) 
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6 • 100 R 



4/15/69 BISTAT 
ESSA TX25kW 22 5 prf 
25Q/iS 23 38mH2 
237 A -MONO 
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lUl Fivml BiaMieES$A.T»25kW.22>»rt.l>0»«.IJ.«»*IM».ir*M«.i«.4l$««rtl 



J M HudiMll 

.U. l.-..rl-...J..M.SKl 1. „.„l.,,p«tolth.n.-.tA«IKt,n«.IAI.IIr.u .'.dml-r 

..,.,r.... . p.. .i""" 1 '"J « i"« """"T"'^ "' ^ 
,. .h, .i.«ior.J p..*.-- i»» ••«•" •* • "P'"-"" '•<•'••"«•"•■■• > 

,1* I.. .....niph* I '1 NRl t»q».rcJ «l>« •<« •"•-'••'> '""^ *" '"^^ 

...„p.,.SU 1..™,., |... - ... . I..n, «„.x ... ..,n,v. n r.- ,..-1 .v m.>-...r .he -c .cn..n,. c..... 

„ „K I .nj : I....- bc,« Jonr Pl .Jcbk. ,.n...p.v,d ..ul .n .r>.n. 

s..,.. I U. w„K.. ... . ..u..« ve,.u. .,r.!«.n., ..rs.:.p.«.. .« lo I* NSl vv.m,f,«n,rr.„ ... d.,* 

„ , ,„n n ... ..r.,..,n.>. I. .s h..p.d Ih.. «".h.-. .nd w*.U.c ...«!..«.« «n hr c .n,r«rd . ..h 

.u, ir I ,.d..prie..HMi.n«d.u>.r-«d.."-»'-*"»— "• 

,,\ ><r In I ,r..,. :. . d..prU-, ..mr h.,..-> « ^ « '"^ 

LrLfr U-«mide«.lhi»o:Vmw«*rMl»t««'««*«*"«i'««"«"'»«'*'»""'' 

. U. I 4 V «d H *mpii.«d* DHTPir. d-puy. «-* •«« •••• 

.U . I y...r ^ A -nd B .ho. d..r1i>. Mm.l.r lo llunr or F.|ure J. hut m*Jr lor orcf-lMii on Ir lf» MHz 
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IN ViCINiTf 



Figure I. Pauivr Drirclion of 0%rf -thc^tl<iri/on Xitcvah iluftng 
Ihr Fkrl Air Drf cn%r Tr%l%iSl 



FAU RADAR SYSTl-MSTl llY lUi 

Wnkv N. Molbfd 

ITT lle%tr«-P»»>«c% |jNKJl«»rio. Inv. 
$:nd Vrmir 



I INTRODUCTION <Ui 



^ ... .r.kr...rv ig70lL'»" rrcs*MliJ jMlu\ »ofkNhr.r 

( ^ Ivl 1.1 J njiHf litU'd "I- AD I \tvnnu-nl ul I chnijr> . i v /u i l i i iv-* 

J . S . P« 1^ -ml o. ,hc K.C.. A., .K.f.nK .FAD. c^nn,. • - 

..:"<l«> c ... th<« c.c.,.v -c~.cu ,«mhu..> o, .h, ..... 
>^ .... ..a> -cca ...... ::;r:ri.a 

.Kvir.iiTij«ntfiK-raiIuii«n Mli'iwc. iim joinn.ar*r'»»»»» 
•«l lUvl hKaiMMi or wejp«»m piiajiKtf. 

,w:..«.«n .KIT. .«aK..n. .he ..»s .h.h v..n......e ...^ ........ .he .... .h... 

•hkh te.|u.,j tuHhet Mudy. »nd. e^.*^Ml'> • 'he rr.-w'iul «e*%r.r ml. 

4<Krt riH Hon/oaB*.W*llcfl%y*Kmi.mJuilrdforlheUSAr, inciu i» 





. j„j mm r. ^»''""'''' •" 

..H. „.>,Su..m.Kl.l...u If.- tm..tvn... I^.ir-..^ 

w I.-". K !.K. - .n.Hl.Al M.ut. . ....M c - - r .M- '^^ 

, .... .:, ,.. . J.rlU ..uH..tu- .m... ■ ."J-" tlu- .mr.... ...i » • " 

( O^y/f I ...... I sl...^. . .u : u «»t Ih. I M) su ni .1 K ■ . i . I M 1 1*: 

r., 11- . m » .put. : .M...lrilo m.«v * K.ii. the .nUr u? ..MM..h.r^ - J-" *" 



II KfrYSIUiY ARtAS lUl 




^. I.,. .l..>.. m.,l>iv .hKl> ..IlKulU P..M..I.U J ... K- .n .•«.."> ,n 

,usOc,..uK-.n,.n..M,puJ 1 ..c....«. m.HU I..J.- h.-h Mv..l.. • 

.„J .....l *vn.n.n Th. .nUmduil ..ip.-.* extend l«« ^..^kI.-c .1..... .... 

.„.„.. .n.pl.n-n, l..n,.Mnf,. m.>«lev .nd «..f*e...vM.,l. -.hcJ ^^ ^. 

.....N ... ..hnunnov r... wnO ..f w.-«.r,--. .Ul .•xlcnj fr-n. -,.-11 « .K- >n, ,1 ..... i - 
h„. J.- .•..w,.n..-n.x Ih.-x- Ihrci. m.Hl.ls arc Kmc ml.srj.oJ ... .■M.N.s.. .hr.-4. n>. M : 
.„..,..,.., .1,.. h dcin, «..h P...m.-.a. ........J.- .rrv.vr.n.v. , .of...M-,s...-.."..- ..v.^-r - J 

r o<{ \W J.-..nv...- v>^..m, .v..l.,M. nv. .n .ho l-^O ■ P's" .c '"Jo _ 

^ 'l.. . H- .. ....o. A.....n, .he «n»»K 0..,h.u,J ra.b.x .... '"J 

„,U.,„. .nd ...he, , ns..s,«.... « l.»IKI. Ii« d.^ 

.„ , «,.ed h» .«ne..Uun..ud -"-Uv .nd ........... ... 

, „, r.h,...K, e« ,.MV...w .IcnH- ..u- d. .. .. •-•"'r J "-^ • 

,v,....,n.n..c .•n.cl..,vv «hKh .nd..... .he '"d ..n..l„Ksv K-,,...ud ....n. in o.!. «..n.nf 

„,...,n V. ,h.. .-..o..., use ..n m.dc ..( .he dc(enM>e v-Umv An .dd.t...«il ispe.. of .he .onvd 

........n .e de.e»«.e « ..ems .he .n„H».«t lealu.e .rf .he •lund-.-r" .,..«, .he e..l, ..r.»n, 

.,e ,he V.TNM.d .em,.n.l dete..* »>-em. -h" M«« .'-^ «•"» ' 

.,..em »d Iht ...he, rtee. dele««« »>..em* :e«l ••'««««'^» «.»...,emen.»" whuh n,..M he 

..„.l...n».,feell..l.«e..«iw,Jl..>njm.«».tlK»in«Kdelen»»e«Me...v 



err.. 

•■• • 



I INTRODUCTION 

. STATEMENT OF FROBLEM AND ROLE OF FAD 

II. OVERALL SYSTEM CONCEPTS 

lit. THREAT CONSIDEK ATION 

• MISSILE TARGETS \ hF SIGNATURES 

• AIRCRAFT TARGETS j 

IV. SHIPS RADAR DEFENSES 

V. INTERFACE OF FAD RADAR WITH SHIPS RADARS 

VI. -AD RAIJAK REQUIREMENTS 

VII. CONCLUSIONS- RECOMMENDATIONS 



p- - ^^^t.rn. I ; l»|H..IO.Mh«r«f I R*!^ S-lm. StuJ* »i » 
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,.*.UrunK umJI.mO.H h«,l.wnll ...1.1.. • ^»»*^*•* ' 

1 1 1 kvt Mi^Miin tl I 
W ,»u„M-..ti«iv.MV.».w,otl..mUdl.....n,U ..mU....»-m/.,1 Imv o,. ..... - 

h„l ...1... t J.,.....KUoMKclo,HUl K..n.cTi>.".'..l..«.MMcrn...- « 

*..kU 1h. I \l> ,1 .a., K- ..|M'l.^a »» t«U- .jn.H....K...MM.n.V. f., 

„ Jv.. I thv.no. .lu.lurihcl XU^vU.m I K- -nrU a.M..n 

.1 K .mrl-^. J - MHvMl.r..rp,^- .om.nun.... -""'I* '- ^ ' " ' ' 

t 1^ \1) Fidjr Fumtitm lUl 
\ 1 u< nature H llu- ^k.^iw ».».I..m, ,n Ihc rr..'nt IM> .| •» t:ul . I 

, ..u ..r V ."torn...... ^..U. r..n,.. t.u. .ouM W i.r.vd .or .n .ho h.....K oM.hp.r.. 

, ,.,..v.r.o.,.r.n,..u.w.Kont.,n.d.ap.bU.t,.srn-J..h> .h. r.U.r It ..n.-r. • . 

.„ ,.u. .u.d> to d.Un. Ihc o,.i..«un. roks lor ...h of the two pmvhlv .m»U.s of .MH-rilioil 
I F \» RjJj' |-.if!.iwni| Pjrjniclcr Value. iUl 

\ ,y Ih. .wt o..lrul ot the FADjH-rtorm. nuru ..ul Ih. IKM nu r..,u.rcnu ..U v.n ^. 

. .Kt.n,.,.. rr. vn,at the mvosar> .np.uvnn, ^,v.,.K.^,on^ o. . I AO sssXcm *h.vh .an 

,,K.t.v. . ..rl. *..r.un. to the tlec. ,n oen, o. a.la.k threat. or.,nu„n, K /o.,J the ranc. the. o . 

. ,..n.. .hKi. he wt rh>.KalK N-.a»H' ol th.- hor./... ....rat.onalK M • 

• «l t'U^trotiij^neiu M»"Uritl 

ill CONCLUSIONS AND RKO%WIAD\TIONS iVl 

W I he .M..,M., ot the .t..d> w.n IH- a report .n whK l. the »M> en,.,uvr.M, M'e..fK^«-"' ^ 
.n •l...h re.o.iimendat...n. are made tor a.lion m areas re.iuinnp add.lio.ul KUl I 
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^ ^, ^. ...... .7 . « MM. ::.5 p.. 0.: T r- «... .n ...r - rc-nu.- .n. 

•.,...,..nc l,.u,c I pK,u,o.Uu.U...-,.h~oh.rv.....nv The 0. h,«n„.0.«H/. 

0„P oh^cncJ fc 5 hcun f,o„ .0 AM .. 3 PN. -I The n,.«,.n of ,c..».d ^.p«. 

.1 f jJj» ahoul 1 500 m* . 
f *.....,„d.«.mrU ofvh,pa.-.c.. p.cn.«K.r<.K' :. OP' 'V ""^«« '« V.5MH, 

::::„:.. — « - ^ „^"" 

. ,0 . ,.a .n ru.«- -.-.h "-Ac .he o,.r. J..cum.. ,„> m-u .«-r< 

. U. ( » « . ,«».nd-... .mP J» ^ l«.l«~> m^* '"^ ""■ 

•..•.,.K«.» ..P.M... ..ih«.. .■<".<M*crK ».f.-..^. 1« .h pit * 

, u. An...h„ , wn.,.., ... JoPPlr, - « P'" •"•>"•"• 

ijncr l.n J p.'l»» lcn»lh ind ..nl> 10 M.^..nd.dw»M .ime. 

/ ^) Ort .. .V ..1. .h.. hr .J'r..«. t.. .or oul. uiMkMrcd «m»M*tnc HfrC. .h»r, >r> 
|«4>K«i* * lor vhip iraflK ploiiinf h> HI wdar. 
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I INIRODUCTON ill 



( tjfcf StjniorJ I nurfMiy ^ pari in Pt uovl MAi on. i. mj 

, wn..* thi Mr ndJT croNWvii'm^ of UTii-al ^h>r* al arj 
.... lu.u, ,.Mnt >kv.»*.c r---'^"""' Ap.rlully-^onttoll.Jr'Vnn'.n. 
.u. n,n .n .h..h :h> ...u..,, n .>• . fCM.n- ...... sh... «s ..u-mrKd. Th, r«nK* 



II SHIP CROSS bf CnONS AT HF iSi 

_ _ i 
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UC V«JC, . .uKomr*-. (r..m S. .n,o,d Tr..,no,ofy fo, C ..-n^ .nU-,n..,o«.l .Trh. 

, ,W A .O..I of -W «d« c,o.v«.. P«<t.m^ ...r . Dl WHO d. ^--d i KorcM.l ramcr, 

jnu «.« n>c«u......:..t^ w... .1« pcrtonn.-rt at J and M"/- ««» 

;«..a.c .odcU 4. .H. HF Th, .» "« 

a1 IIP should he I 
/ 0^ I o. w,..al P«lar.«..on. .h. «: 10* •» «0' fo, .h. d,..«,y« .nd 10* 

n-A:. ..e .an,". Ho„,onu:W.p^a.«d ^ - do- .o dB To, .h, d„...>« 

.J .p..„J h... oncn,....»,.. and 0 dB fo. .h. c.nu-,. a :Odc„«- 

^1, .a.r • vro.v«..on. „. of .he «n,. mafn..„dc a. .he above. a.d .h,. .hc .ada, bc.on.c. 
►Mail., the uallci i» only 0 ... $ dB lo»tt in amptiludc. 
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Hwljli. |'Jll.-in« ...nUin U-«»t nulU 

_ .. , uMUllV ' J JH. fot 20 to JO IWH"" o< "« 

. 0.,.,, ^0.... .".« .« 

„. ihjl (uillwt nwjMit»ni»nls ol Ihn l>p» m unnweiuo- 

III SKY WAVE rROPACATED SE.A CUmtR «UI 

«„.H .„u».kn. puKn .410 . Ihc — to 10" m . Hk «• « « 

rtff uiul jtiJ mjs ihcB vjsuljlcd to lie l*l«»«n Iff »nd I0-. 

1. « ro.«Ne u. .du... .h. c.uu« by .bou. .0 aB b. 

K,.«..« .CIk JIv .nd hon onuHy poUmrd .«len«.. wh.l. fCC..,,, on lh< iS-km Lo. Banoi 

ZZ^Z .n".-.h d... .nd .on,pu.«..,uac.n, t,ck«.«« .ymh«l. .0 ««. P««"«.«.o- 
n^utum 1% »rfy kmiIivc to a/.«moth ch»n|ev 

. ) u<r .... now con.-.udod .h« , con.,o. o,« K. «.^.»-e *« 

« .cn.v c .h.u..cnMK- .o,d.n.^ .nd ...«o.d.«.ry. .He KC«,.r '« 

!^J«™.....nc«u.v null o«. .h. K. .Iu..« wh.U n,.,.n,u.n, .he .h,p'. rc.um. I. .. 

cc. ..d.,-. PO.......on «..l help dec. .h.p, when . . ^ • 

..In. n ...^ en„..d,. .nd when .he .onospl.er. r.n».U .h. PoUn«.*o. phe.K»..«. 

IV OTH SHIP DETECTION (SI 

\lV on .he b.«. or .he «,»l.. d.«Hb«. in P».. . .nd .. ..bn.e.. i. u prob.b.. 
" C .k,e<,«. on . .0..I powe. U.. ««n, .he ARPAONR Wid.Apenure "'--^ . ,« 

Th« fClow, hon. .he n..«u„n,en. of . 10* .0..1 «. cro.. «...on. whjch » le- 
*.r- The eon.r,l of .he wundr.". pol.n«..on m.y f«i«U«« *•«««"• 



.4A 




V tsT |VU-%U»Hi-«*ntffiU4 t\»vnm*BU »u*r « . cMii,-rf 

tiv, ...... .h, u..r-. r-.... ^ «« • 

,».w>Hnu.ilv. ihCMT ir.i> h4« K-fn Ifom pUlUwmv 



ti), 



V FUTURE «ORK lUI 



• ' . Sludy «y» .o u« pol.n«.ion conlrol to OTH rtip J«.«l.on , 
. Run«.»nlwclUonlrollcd..>ip<W«lio..«»(Wimnili 

41 tea 

. Dc^dop Dopplcr-filtchng for «. backwatiet data rrocc«in» on the 
SFCW *avcfonn 



BUOY TACTICAL F\RLY WARNING (Si 



BTlWCONCmS (U) 



AOea M. fvtfnon 

Sunford Rr^arch ImtituCe 
Mcnlo Park.OlifumiA 



I 

(y^y:^ Surfacc^wiv* bcyondlh<^hon/.>n nJ-r dalci McV to work undertaken befort IQ50 ir. the 
L»n.u-d Kmpdom.' Shortly ihereaflcr , prop^m was ttartec by Raytheon' and con»murd hy 
MIT L.rKoln»Ubor,tory untU 1957. T^e fmil rtpon by Unco»n Uboratory cJeariy demonstrated the 
rca^thUtty of beyond the-horuon dciectioft even in the I9S0.I960 time frame. ^ 

f u) IM A renewed interest in Surf^e-wave rad.n wa. initiated in the 1968 IDA JASON Summer Study* 

^ dunnp a rev.ew of OHD rad,r techniques ThU study occuard in U Jolla. California and the po^bUUy 
of u«n, anchored, buoy-mounted transmitten of relatively low power levell ( 5: 100 waltil aroie m 
d.i.uu.on» with personnel from Scripp. Institution of Ocetnofnphy. U* power ippoared |Km.ble 
«n.e buoy* could be distributed along i -fen^Hine" or in in amy » that the distance from the tranv 
mttter to the tarpt ( iiicraft or misaUe) could be kept small and the larp surface rire losses could be 
limited to the path from target to a Und-baied receivinf installation. 
C«^) i5< Followiniihe 19^8 JASON Study A R PA initialed a research program to investiMie the 

>«s.bUities of the surface wave syitrms .ncludim the buoy-based transmitters. A number of "catamaran 
buoys were procured from S.npps and instn*mented by APL Detection experiments were implemented 
by Raytheon for the BTEW technique. , 

(O) In addition, surface wave propagation measurements were implemented to study the itlalionOMP 

of losses to "sea slate" conditions This appeared esienlial basee on Iheorrtical studies earned out by 
Bamck' who f.Hind that, under rough sea condiliona. 10 dB or more ugnal losses would 6-cuf in the 
de^rtaNe frequency ranr ««« 10 MHt. Lossca of ihU amount. whK h ippear to haw been confiiwed. 
certainly make the system application mow difficult. 

ro) ysT Sea clutter caused by resonant or "Bragg- Mattering from Ka warn wu alio raised 
^ of cmcerti in system applications. Studiet now appear to show that the Bragr^attered signals are 
wlfKiently confined in frequency tUenI that they will not sersously lunit system performance for 
aiKrafl or missite deteilion because of the Urger Doppler shifts asaocuted with these Urgets. 



as a source 



-.Urn 

. ..UK ..pcnm.nl. h^i o« (he tn»«. h .hnU •> bniw ir-iffJ lod«». 




< n E ■.ttirk "Theorv of Ground-Wi.e Propiplion Acfou A Rou|h Sc» •! 
rolumbui.Ohio.Jinu.fy 1970. UNCLASSIFIED 



BTEW I FEASlBlUn TtSTS llJ» 



Bruc* B. Whitehead 



Raytheon ComfUftV; 
Equtrment Dr .won 
OHD Ad*»ntTd l>e*elopme«t Departmeni 
Spencer Ubonlof > 
Baflii»gton,Mi»»chu>»m . 



_ . I INTRODt'CnON CU) 

of the Raytheon transmute, .te on dr.w.*onc»w«ons th. 

made, one w« chcnen for dtta.ltd inalysi*. T1i« P«per descnbet that .n.lyw 
may be uied in t lystem de»i«n Min| ihe BTEW-I concept. 

n NOMINAL SYSTEM AND TEST fARAMETlRS^Ul 

ihown in Fifurt 2. The tircnii mwe »uw»"»* r—- 

:S0 fm .. 14.000 f«.. All p.««««. »-.« ,p«d. of .ppf~.»...lr .50 »nc.v 

m OBSERVED AND rREOICaOOOmER (Ul 
dlu.ir..«l. The Doppter luck with th. ft«««»««tV " «^ 



NOMINAL SYSTEM AND TEST F ARAM! TERS 



RECEIVER SITE 
TRANSMITTER SITE 
AIRCRAFT 
ANTENNAS 

ALTITUDES 

FREQUENCY 
TRANSMITTED FOHtR 



CAFE KENNEDY 
CARTER CAY 

NAVY F3V ^LOCKHEED PROMET ELtCTRAi 

RX ANT 16 ELEMENT BSA 
TX ANT X/4 MONOPOLE 
QjCf • I6db 

250 * 14.000 

UNE OF SIGHT — 17.000 

10.167 MHZ 

12S KW 



) fkgun I. NombMl Syttrm tnd Tett FarMneim |U| 




A 



». . h.. hccn .... -UU J -..n. . -"»«c h-T ^ 1«« " 

..„■ .1- l.'ilwU> »«rfriut».wl,4.»k»rt) »i»>Mr 

^ J. u. n,.J. .hc« wm o.hr, ..rcM .n .... .nd h.nc. .h. .Scnc o. o he. 

r:,, «^ c ^J.. ' ' "--....y -.t - - 

^ O, .-..h.. .n„«,. . .h, prr*n.r ..I «« ««. .1« 10 MIU 15 MIU *o« »» ^k, 

/ ^) ^ n., pr.-^n.v «l K..h n:.»l« «.fnn« Ih. («. .1... . P««t» P""<* ««« 

IV OBStRVtO AND PREDICTED TARGET SCATTERED RECEIVED rOWER .Ol 

^ 0) Ptcd-cKd U.»c. r«c,v.d power w„ .or,pu.«. mint Wlo-ini Pi«"«««^ _ 

J. p,ihlouiltcnu.tion«»ivtnbyDr.D.BimckfofSe4Slil«0. 

A itfcrtBCf Uf»f t cro»MeclK» of MO iquw meten. 

(./) UCT F..u« ^ 0,o« .h, prrdiC^I .nd oh««d po.« for .he p» from CC«3 .. 6000 IcO 

^ <,hc wale on ,hc ..f. h.. rtf- rrnccd .o .h. inp«. of . c.l.b«.«l «cnv., .nd henc. don no. «n... 

.ho ...... r,.c,».d ^...r .. .he .n.enn... I. c,n he obvrvcd .hcrt PP««.n.... 0 dB d* 

.«p.n.v K-..«n .h. p«...c..d ««.«d po.« fo, . :0<Vn.- .nd .h, ob««td «.n- po... fo, .he 

/ ^\ S. c»r.c..d .h.. .he cm-^-con of .n ,„aaf. ch,n,e» with iu <ap.c. i. i. i«..nK..« .o 

2..„..c .H.S ..S... P.o...n, ,^.n. .he oMe^cd d.f.e.nce in .ecei«d power from . p.«..c..on 
uMnr < coMUnt crott^ction (e f . ). 

h,^ .Hvn done .n F.,«re. 7 ,„d 8. Th. ,h.*». .ho., .he d.ffe,cn«. .n .he .b«nr.d 
.h... wh.vh .ou.d U P.cd....d . Wm' ..„e.. l*e «di«... H .he .n.Ie of .l.«».n,.K» 
m rt-rrre. hclow .n w.mulh.l pl.nr piiillcl .o the wrfKe of .he e«th. 
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Figure 6. TarfCl 



Reeeiwd Power Pt«diciedwOb«nf«: It'i 



,«K. m «C «n pen.. wo»U ,KlJ . I.n» •"ah Ih. 

C.r, c,««c..on. ob.«»«. from . l.b<K..«, «oM ..-d» 1^ ITr "'L. .« V. 
,„ ,a»lt.l< ll« coinP4..l..l.l» of IK. iwo mJrp»»d.«l ol«t..l«» 

V CONCLUSIONS |U» 

hh« h«n shown .h. BT. *.l conaT- » rh.n.n,.no,opc.n> r..s,hl,. Th. «v..., o -h. 

toullivommtmuiJic with pttdiciioni. 
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DEVIATION IN BELOW 200m 



{V} Fifuif S. C3-CC Dito Summary Comloram <U) ^ 

; ^ 
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DEVIATION IN BElOW 200m^ 



Fiiurel CC-CJO«tt5yran*ryCorT»lopwi (U| 
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1- :• iia 
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SUM OBSERVATIONS lU) 



Hcwy M. Btkcr 

Raytheon Company 
CquipfiMiil Dhrttioii 
OHD Ad»w«^ Drrrlopmcnt 0*pif tm«»t 
Spenccf U^toTf 
BufUng ton. Mffwchuteiu 



mw . ...1 «» b, u«d tc- .h. -.Mctto. of »b«»«*.».h.d b.n»tic «.d .n.« m««l« 
; 1 r^rETR T«. ... . Po«.do, U .» ..uncH.d r,o« .H. USS 0^....o« 

W „rcn :« M.«h . 970 .. . «n,. or 55 f«n. U.. r«.i«. Ounn. «... '"-^ •^^^ 

monitored >l Che Opt Kennedy recemnf «te uung the vertically polinzeo qua 
antennas. 

..g«.u,.. Th... .r. .h. h«d *j;*V^Lt U«0.480 ..«). Th. hard .cho 

and th. ioBo.ph.rle p.r»urb»tioi. 1. .UnU.rd. 

o\ iSf TT.. rl5lta»d.b.nd»ob«»rt».th.d.Uw.'..rr«n.duri«,m.nyd.>.oMh.d.u 

r.Mh in p7.^ "1... . buor. ITT p.nonnd iodic.ud. ho.«... «... «.-.pn..«. - "0« 
With the in pawfe moou. / -,11 made on the Raytheon equ.pmeni 

Producmi the «id«^bandi at theie fitquenoet. A complete ie»l waa maae o 7 
irth.Lu.nd.c..edthe«debandaw«.notproduced»nthe«ce^^^^^ Woce.the 

•oufce of theie aidebandi remaina an unknown. 

^ <.« b. L.. *« Fir.« :. .h. Ob-.*- ««k did M« "««" ^"^"^ 

(/) IK- F*r.«J-.o«.h.Uh.-m.,,p.Md«..-.b««.d«.h.l0.167MH.f«,-.«^^^ 



J 




G^)^FifiMr2. SpKlrilDBUMWtrdMiS.ISlMHf |U» 



•.anwf nu»ki «h« iiutui 40 Mvond« of Ihc pftdwlcd ii(Mlufc. 

La..h...«oN...N.. M,he«^.u«o«.HT*40«.onao.h.n,..U.h.d..«c«.a.ho^^^^^ 
*.umc of .«ly 5.5 km. B, ft. .im. of -"•l^- « '«» * " 

brrn imcrwiL 

f tSf' TK. ilm- J. .«d «l«.l> riot. «~. t.me fo, .he «hicl. .« *o«. i« 6. Tick m»k. 
^ « .h« iBdk... ft. o««. .«d ft. portion of th. h«d «:ho «n i« ft' d.l.. 

P...o«tp.o.o(Fi»u«7fto«.ft..omp«i««of.co«.pu..d.ndft.,b^^^ 
ncw« on ft. two f«,u.ncin. Th. .omputM t.«iv.d pow.. » b«rt on t Im t«rt 

ird nonn J.d .o ft. .^.n. 1^ » -P-'-;;;^^^^^^^^ 

^««..i..dc«...p..c.o«.y.™.indi...«ft...h.cb«««lcr«««uo««^^^^^ 

•..or.ft.ord.tof .m». TT,. upp., pie. of Fip-r. 7 ftow. ft. n..«u«d c™» -v. on ^ 

. ^ . .k. «.r»...«Artmn was S7m' and ai the misule I 

dli»d. in.-..«d .h. .ro» «c.ion d«r«-d. It i. ».«m.d llu. .hu d««« «. c,»«....on » d-. 
ft. ™„n.„ch b..w«n .h. oCh^Uon o. ft. v«.ic.. .™n«.i..n, «.d r.c.ivu., »...nn- .ndjh. ^ 
on.nu..o« which b.co,..« n.o« himon.- « ft. ^rtkl. «..«. do««.»«.- Tha pollution 
mi»ra»ich w» id«o obKivtd by SRI md hat bt«> itpoiW*' 



CONCLUSIONS (Ul 



(''"^ IST A BTEW .y.t.m a c.paW. of d.l«tin| SUM «ri«ita .1 • »"> lo« 1<"'"l«- 

B«.u« ft. c««.r -k. ft. «,y low doppto f«,««ci«. ft. of .«li... d..««o« » 

„nIuv*,V «. . n,,^ of .»c.llin. ft. c«,i.. -ould ...ow . Doppl.r «p«.»r. of Im ft» • . H, .o 

be ob«->.d and p.rmil ft. miisfl. to bt d.i«t.d .t . lo*.r iltitud.. 
/ jW T*. .h«. ob-,v.bl. portion, of th. mi»a. «l...d .ip,..«r. «. .«...d by 
^ ft«.fo«. Ih. p™b.bil.ty of .. on. of ft. ftr.. portion, of th. up,,^ b.."l ""J 

hich .«d ,f mo,. ft« on. portion of th. up^tun i. ob«.»«l . -h-l* l«.»cH •«»«« «" 

with a very high conftdence. 



^ !l<r With a deployed multi-iUticn BTEW lyttem whm th« hard evho ii ob^rve d on thiw or mort 
indrpendent p«th». miault tnywiofy mfofiMUon can be demed in if 4i-li»ne from wulyw of the 
Dorplcf itcocds for the obeernni pKht. 
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PROaa AQtARItS(BTLW 2i (U» 

K.D.Siww 
MMnim Vir«. C»M«iii» '>*0*0 • 
I INTRODUCTION «t'l 



II EXPERIMENTAL NnWR^<^» | 

„ „,.Jc by ohs.,>m, lhoOorrl"-*.flcd v,n.l thil »^ „ „„„ . ,„n«n,...V Th. 

.,..„cJ d..PPK-»h.r.ed ,..u,« » «««.d by K«.»M.h.n. , 

- cim.r* \ with the bouy tniii«»niinrr lociiefl 
^ n\ >«r m ..penmen... .y...m f""-'"* " '» . of u.o.n,....-n .1 ..«.ed 



in Virpnw. 



PROJECT AQUARIUS > 

GOALS 

• PARTICIPATE IN MAYBELL PROGRAM - BTEW-2 

• DETERMINE BTEW-2 FEASIBILITY 

• DETECT LOW FLYING AIRCRAFT USING BOUY-^ROUND 

WAVE-SKYWAVE CONCEPT 

• DESIGN A DETAILED BTEW-2 EXPERIMENT 
RESULTS 

• DETECTED TEST AIRCRAFT AT PREDICTED RANGE 

• BTEW-2 FEASIBLE WITH SUFFICIENT TRANSMIHER 

POWER OR ANTENNA GAIN 



Figurr I . Ptoircl A«|iijnii% duK jihI RcmiII^ iUi 



I 




lU RLCEIVINC SITt lU) 



a i Th< NiKk dup*m» 0I Ihc 1*0 rcvming »y«rm» ur %hi>wn in I ipurc^ 4 inJ 5. I igure 5 Wiow* 
« I Nhjnnd ffveiMfin %yMrni. inJudtn| j DH *rl ionnrwird lo an LDAA umaWe anlcnni. The t»fW» 
jfuU«f rrvvi«ms channel* iix K J^^OA iMtm and dri»f a rcarlimr anaiof -pccira! duplay and a • 

JutincI analog !j(k rcwi-idcf . Tht olhcf fcvnvin» »>Mrm in a ^iin moontrd hi|h dynamr: rangf 
d.r>tit rf.vf%Mnr %>%tfm ii>nla.nin| i>nthcM/cf controlled rn.ei*en. Jifital ir^tinim analym and both 
jn jnji«tf and dtplJ K M n*c«tiding iar<it«ilil> 



IV AIRCRAFT TESTS <U) 



Figure h the operations of airtfrafl nights and hearabil.iy le»t» through 10 February l«70 
On :7 Janujr> dunng the coolroUcd lc*li. the P3B controlled aircraft wa* dtievtcd at two diffrrrnf 
timet on two different frrqueircies. n>e night path and the detection regioni for this 27 Januar> n.ght 
art Nhown in fxfun 7, The djU collc-.ted in reji-time la shown in Fipure 8. The data at the top of the 
r.pire Nhows the detected doppkr signature lasting for a pericMl of approximately 30 Sfi-mdv for the 
10. 167 MHz frequency. The detection is at a range of approxtanatcly 9 kilomete.n from Carter Cay 
and exists during the time when the plane ban!.s following a torn over checkpoint C5. The lower half 
ot the ngurc shows the wcond detection on the 15 595 MHi frequency, again UMing for approiimaiely 
Id kilometers from Carter Cay. The same characteristic signature exi>t* and is also present at the fme 
when the plane is banking dunng a turn o^er checkpoint I>4. Both of these signatures seem to be at 
nm -s when there i> specular rx-ni-viion from the transmitter al Carter Cay lo the r-ceivcr nt Vint hill 
Farms St itio.. F.gure 9 is an expanded v lew of Ihc night path and includes the detection regions for 
the^ l«-o detpciions. By assuming turns are completed by Hrsl Hying o»er the checkpoint and then 
making a maximum turn rate for the next checkpoint, the dopplcr shifts predicted from this type of 
night plan match very closely to the actual observed data as shown in Figure 8. 



V SUNMARY 4U» 



To suminan/e. the goals of the pro^ct have essentially been n.et. that of demonstrating the 
feas hility of the bouy IMkal early warning system. However, lo make this system useful for del<>clicns 
at any ran^e beyond a few kilometen. the effective radiated power from the transmitter will have lo 
exceed the 2000 watts used for the Carter Cay detections of the controlled lircrafl nights. 
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MEASUREMENT OR 
FREQUENCIES DETECTION TiMES 



DATE 


TYPE 


(MHz) 


(GMTi 


18 DEC 69 


AC 


5.8 


1750-1755 


2000-2005 




AC 


9.259 


ND 




AC 


10.167 


NO 


27 JAN 70 


AC 


15.595 


1636 


27 JAN 70 


AC 


10. 167 


1712 


5 FEB 70 


HB 


20.250 


1500 




HB 


10.167 


1500 




HB 


10.167 


2100 




HB 


20.250 


2100 


10 FEB 70 


HB 


9.259 


1430 




HB 


5.8 


1430 



AC - AIRCRAFT ND - NOT DETECTED HB - HEAR ABILITY 

(Ul Fiittfc6. Summary m Opcraiimn |Ul 
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* i/IS tulu 27 JAMUMtr I970 
CAMTCR CAV « VINT HIU FMHS STATION 
10.161 HHi 



ANAIOC 

SPCCTHUH ANALVZCO 
FAX OISPIAY 



%• to iiii i I m lai H N III i^i^N a 



171$ 



DISPLAY 
FACQUCNCV 
Hi 

l$0- 



TINC — Zulu 

I6S2 - I6S9 Xulu 27 JANUARY 1970 
CAATEM CAY - VINT HIU FARMS STATION 
IS.59S NHx 



ANALOG 

SPCCTRUH ANALY2C0 22- |j|r 
FAX D ISPUY 8- f^JjJ 




iiiii 
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TinC — Zulu 



*DOPPUR SICNATWC REGION 



^ Figiife 8. Am 



Airctari Drlccliom |Ul 
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SECOND PASS 
DETECTION' y 
la 167 MHz 1635:30 
\ 

FIRST PASS 
DETECTION 
15.595 MHr 



D4 
1658:45 



FREQ - 


10.167 MHz 


9 • 


100 


NOISE • 


•U7dtw 


GAIN • 


17 db 


POWER - 


2kw 



100 M' 
-145 dbw 
25 db 
2kw 



SCALE: 25 KILOMETERS 



Figurt 9. hediclfd and Obimrd Deieclion Repons (Si 
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.1 ii^U* 
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Diractionol Receiver 
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,o..3o.4dB (Sea State 2) 
A .RoARpAO=2 80km^ lAR .20hm.Ae.2.5-) 

SJm 750 feet.it t«s a 10* beomwidth.A gauu.um pottem-ueedior con 

Fof Sgg Stote 2 ( 10 Knot wind) 
Ui. . 157.7 dB lor patch thown(i.ith patch) 
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THl.tOYTUTUU,ARtYWARN.>C$YSnM<-0Nan..ttW. -S. 

t. Ed«vd% 

OHD Ad%inc*d Orrelopmrni l)rparime"« 
Spencer Ubortlory 

.„.H.n« no« .ou,a ,.«h ,h. .« K.««ph«. r...hv 

C»« .ha. «.ch ion, r,nr co««r " dec.- 

— ..ctM ihii a buoy icrmmal in a bi»u»v m*'*'* " 

,hc Northeast .nduvtnaUomple*. J,„..n^•r.1^d 

^ ^ chit M.nJ.rd radai calculation technH,uev coupird ,,,...,„tnt von.cpt 

..cta,c areav Actually to calculate co.era^ . .ur U.Uere.t aep.o>. 

examined, the «r»o«» iy»tem panmeters and the threat c c e pe 

mcnt concept* weft etatnined : 

• The monoflatK radar ca*e 

• A *hoft iranimitler and hu.» receiver 

• A huoy tranimitier and *h.m- receiver 

• Buoy-t«»-h'>Miy pair% 
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; -,u. 10 MM, ..^ - '• ' 

. . .. .. I....,.n .nJ .h. M..uch«w... ... .H.- ».,h.n»..HV.»J...n..,c. 

: . ,. ; . . ,. : « w... .H..... a....- -u: »•.. -> pk mi.- n,.^uu..n, 

' . . . . , , ,00,. ru...- ...h. .0 1 rulv...mH»v.v «lc .lu.aU..-dunfc ,...lu ...n 

.... . . v„. » ..^ V --u...... .OM n p,o.K..,. h> .h. .mc.-.. .. W 

,,, ,,,„. .„.. ...uU K- ......d«l by ....l.n» . ^-.-y '» >"» ""P'" » 

; P..^ r ^^-^ — - 

. .^.,....:.nH. • --;^7::t„v:';'"""" 

TSc »..ta..c III bu..v.: ..r concept P'-'-^' ' ground *.« or 

.« .ro».n.l the I,P of KlondJ out lo . 3bn .t 350 km. 

. T » - ' ^, ', . „ , , ....con co.c,«c ou, ,0 
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COMfARlSONOf StVlRAt«tt««SVSUMC0N»U;CRAT10NS lUl 



J.W.Fultin. Jr. 

A;>pl>r<l Pb»w> Ubi'til«»» 
The Johm Hopkini Uni»fi>iiy 

Hftll CrufSia Awniw 
SilmSruO-MwyUnil WIO 



,v.m.U- I . mire . .(K- P..-« Jvh.«..U .0 » huoy ffon, . rt»K 'f*""" «' ' ^^'-f 

r; p..- o,...^ ,„«,.™.ofr,n^.n.h..»p...A.».,own«..h,po«n ^ 

.h. UnJ.b.vd « .he wme " bo.h ,ys.cn,s mu.. he ,e.l «d .h.. .he L 
hence ... „U« CO.. «c„on. n„y a.ffe.: .nd .he l.oPP.e. U..f. expec.ed. espeaaHy fo. SLBMs. 



miW jiMt Uitkr. 



f J) ^ T^e .end ... of .u.e, .n F.,u,e : show. . con,p.n..n .n «h«h ,he » » ~ 

V ' Cn, , r.om ..nd and ,ece.v,n, on .he buoy. Thi. »y».«» h» »» «««»«»^ «" " "» '» ""T 

ThZ , r .he ,n.enn, con,p,»h.. .« .« * ^«>^«Nc ,h,. . e .n,h,en no«e^„ he , 

^.,n..v of .he huoy „ less :h.n .ha. .n .he .«.n..y of .he U«. ha«d ud«. perhaps hy .0 dB , 
rJ a . f... .y-n, ,an,e. of 500 ...on...... fron, shore, a huoy spac.n, o 400 ^'^'^J^^^, i 

IparaMe perflance d.ree.ly ^feen .d,o.n.n. huoyv and ,mpr«.ed perfo,«,anc. Co-, .o .he 
individual huoy locations. 

f t>) tf< Fo, .he skyave .a.e «e overs-mphf.' J .he .ono.phe,u pa.h .o .he hne^f..i»h. minus 10 dB. . 
y jn 1-0, «> eompansoh ol monos.a.K »enu»' 

and.heilluniina.iondensi.y.asshownmMpire*. r>»y , .h. --.miaiie ,ada, 

Ns.a..c. 1. » .Ppa«n. .ha. ,a.her h,»h huoy den-l« «. •» «»»re.e w..h .he monos.a.u ,.da. 
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Fifure 4. C<Hn|Mr«on of V.nou» SyMnns at 10 «H/ on :!ic I* • .1 I •! ^ tL* i 



IV. ..n«r^««.. .>ucn.. .-a«. -huh one pr,....bl.. not .h..h« ,1 «n .« 

,.. j,« :h.. » n * .>.t««. «. M lo. .h. ay... «... n«.h 

1. nnuiirJ. cr»iull> •ilh » UulutlwO ioiwH*«»- 
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SECTION 3 
FANEL REPORTS (U) 



■i" l'. 



u 



NCUASSIFIEd 



1^ 



UNCLASSIFIED 



rANltRirORTS ic: 



I lUMLUMON <ti 



a . A..-..». .b--.... u.c..vd -«.r '« ' ' 

lit I : UH 

1 «. by B^OKI. . .NH., 3 dB 5 MH, and » dB .. 10 MH.. A. H .«d » MIO. 

,1 1 oJ> w ^1^^^ ^^^^ „p„rujnl (hJnrr* m 

, , . „„....., .o,ul.t...., .a . .c !• r;t V ..f h.m-.-.< d.tJ 'I*' r-« 

,n Ih.- jb«n.t ..I J..u:l .is.vtn.ra moM.t m.ntv Oiv i. *^ 

. Mv..-. <■« - • '•' 

. - K ..-.n ,0. .« . -d :« «H, h.. ........TV ^ a- • 

d „us..,rd,r,«d.«.c.».«-.M-- d..... ■•• 

j„j 'i> MM/ M..h .onJ..li..iu »i» ncjningiul 

..." ,..M..,d..c....,u„w .....M.o.d...b...^> 

Itun : JB iDr L r"»^'«»^J " " " 

I .... V... IbJwU on jiKiKvsl hi.1 m. iMM- itiMl I • 

,1 I < ..nJ.Kli»it> *Jruti. ns ot N- t 'o-"^** 

H , ^..Nc cel. ». au.nn, 1. 1. m7.L . 

......r-u- — • "* 

Ki. I.. . I v.tftul sn-itfjl hT.'jJviiirf J-u- I.' tlx- mining V4 
1. .. . . „ .u.n.,« '.-.^ ; • ; 



UNCLASSIFIED 



UNCI-ASSIFIEO 



a . . - ••"« ' ' r;:;::':;::!'" 

.1 ... .-p--". b-.^—" 

. ........ MV.... ,vr,..„. Uc, J I> ^' " 

in «.M.n, n„.w«m.n,v .... r-ca-Ccd .•• «U '"^''^'J''^;^ 

:i J. - » r-c^M.. .h. 

^tnJi rju-^. inJ frtqurrwic*. 

, . „( S MH, ...H «r«.cJ upon ...«« bc.,h. «J 

;!.: 0... fo, «,c,.. d.>» .«..•.«■• ,p«mc«. .n- .onO™. .... prcdu..* 

. . T ... w...« cm* «cl.on. « d«l«.d r«»» on di>. w..h modcr,.. 

d,f..«n.., d.r.„„.o„ c. bu. .... .h.. mo.. ..-^ 

r,nJrnl v.>ni|.jnwn» cjn he nijd. dirn,tl>. 

., , I .III. ..n d.duc.d Uon, .he m«s-..m«,. aS. .. .he ..p.." bc.«..o .h. c.n.c, .«d ««• 

::";!„.... ..-n,P.Kd ... ,..o,d, .« ...m .o., .cn.,-.n .wd.M. 

N., ,.,.-«n. lirx. ...Je. l...o.> -ff." "P"" 

„ . M,..„,..nrn.. ^ MM, v..ow h.,h., ..u..e, I.-..K .h.« «.«U ..avc Ke« deduced fmm. He 
. ..- ... .h, ..«J .... ...O.I.K. .«..« .t» •.«•" ■""-'•H «^>* --"o" 

.., m.«ie. H «I»N. .n .H. io^ ''P^ "<« 

w.ini* litnfi'f «KC*ll *j*c*. or %»cll. i 



UNCL.ASSIFIED 




' 

^ >r» -Mate Ob^m ilH*m 1 1' t 

::::::rrr.::ir.:.r::rrir--.....~.«."-- 

w . .flst* of the wa mcniioned abo*» corrrUtcd 
a I Th. pm.. Mr «n.i. of .nfofmal.** about the tUte of thr tea 

,s^»rtv on i Jj>-UvdJ> KiW* 

w » be Mvd 10 deduce rough infimnation about o.* jn %a%e 

a I n>c jho*e phQioparhi can and will b« m^o »" » 



were alio rewarded along the rr..pijiifon r*th Junn, ih 
<xfan tpcitia have yet been available. 

rrMiKint »iiit»(l molion ti-fin"" 

...h . S.... ^ h„n, «P.H..d on., one. Av.r,,. <o«d..K«. .PI*...- 

Va State , 
. . data tel metered from the buoy it of iniufnctent q«af»t.t> «nd 

lU) A^teleromcicr and inchnomeler data tei meiwu 

ftli-Nhu ta allow the inferen^r of »ca Mate condilHiiii. 
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(I RHOMMLSUATIONS <tl 



\ \«ltlilii»iial Mra«uffittrnl> U-) 

„,^,UMn I'- Allen fcurv-n .nd d.waswj .n ..m. dc... h> .o,nn 

Ih.. f<4>.>nx th.l .JJ n.l mo.vu,cn.cn.s ,.rc (ctl «*.c^..0 I.st.d M.m. 

. an P.ih m»w,.mtnt, .1 5. 15 «d » MH, P'^< TP"' '«» ""I 
iPiwidK u> rtn"'i ..oiKluMons Of r»tn lr«i>-J* «o b» rtUWrtlud- 

. ,1'. l)..,bPP.n, da. • ... Jav. on wtkh f lo*, J. mo« llu« ore fteMucn., 

. t.l»u'j .c«. -Jvour o.. .h. d.y» w..h i,.r-. "'"^ °' . 

nun> ovcrbn-n* da>v clfccU of th. cn..ronmci.l .-nnol be Mud.ed « 
rclafeij to mc j*urcmrnt». 

/p.... "lo I* » r<HMhl.l> rn«. one or <wo rccordv h.„ afi.r .oo ^'^^f''''' 
!"d!bl. dunn, 1.,^. .« P<nn.l .n> co.Klu«ont .b«u. Ih., .n,po,..«l r«..»on,.n«n 

■ II I Mu.h of ihc limt Ihc trounj wjvc «?nil w« tonumtnjlcd by »ky»»«». 

4f 5 and 10 Mill pcnrnticd |M>sMhc vp^ntwn of ffound wivc from %k>.wa,r. 

. ,U» The *c.thcr m .h.r from Janu.r> thr.K.rb M-rch doc. 
unJcrpo clungc. T.mpt-r.turc and wa. aprv-r i" v.r> lc« ihoul i mean 
thjn dunng V inner wmmcr monthi and harmanc .xjkonv 

. iVi Nearly onc-llurd of iK- r^^i' ^ro.w. shoalv *h.Ic m.uh ul Ihc 

the (.ulf Strcm. Mcrcc. mosi of Ihc p-lh conv.s of u.tcf *ho»c iMffa.c 
n not Ivpurfl of dcvp ^fc'ilcr ovcan. 
a-l Pic .uK«tcd m*csl„al.on would von.M of and cmpKaM/c the foUow.nf pait*: 

. (U» A Ion, r.lh met deep w.lcr would be ulcclcd. prcfcfah.y w.th r«n|* 
on 1..d V. .r.o reduce e.pcn^c of ihe mea«.remen.v T^^*' 
400 km lon» A pcuWe path coniidcrtd and recommended ilret.hc* betwern 
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i 4|»c inJ noMlirrn M<inr. iimi th* Ujy »•! I unJy. i**ci *fO prfirni of lhi% 
ruth ty xr^rt »jl<f m»»f< Hun ^(X; h'tt dfcp K'-|Mjf led »n llii* Jfr* afr quite 
hi|Eii dtul «l:cn inlliH-iKCtl b> Nortl'M^lniy %l»4ni\ hhmiti^ ncjil\ pj^tirl lo Hit 



rhjw-^iHlcJ .hifhlv MMt upuU S. 10, 15 «nd :u Mil/ Oiould br rmpluyid. 
Ilic pltjM>%iHlc 1% tu-vi'«\jr> lo vn-vutt Mrpj|jti«*n nl Itu- |crtNind *j«v IfiHii tlir 



• ll'l l*jth t,*N* tiu*j\iiii'nuMii\ Oiould be mjdr l%kv daily <»*vr j pi-niJ of Ti^e 
nu»*^l:i> I IK' iiK*j*iiu-mcnl |viit*d *lti»wii hIiouIJ itKluUt: Kuh Mimnicf Jtid *inU» 

• il l I ivIdAirotifih proK*^ Uiould K' tind d^ily lu ulibrjtt liu* iniin irjnsnnt iinj 
KNCnf 4.iU'nnji. Tlu- IWIJ uruvlurr lr*>in llu- mam jnlcniij iHit »hmp the bcj^h 
jnJ into lh< «jtcr vhinild jKt be prohvd. 4l K'J^I imicc dunn| the i^enod 

• (Ul The main antcnius thould be kept simple. U.. vrrikiil quartcrwavc munupole*. 

■» 

(d)* iTj Pjth-h*s* sipijlt fctf Ihe funind-wave should be fneauifed in Range Oale 0. 
— I.e.. V\t fangc pjlc coitrtpondinj to the amval lime of the dirrvt iignal. Spevlral 
priKcvsinf should be j^Jibble w as to allow better than O.OMlerii rvMilMtion. 
This utti permit a )liid> «f din-cl signal bnudening due to \ca wave motion and 
I tH«\MN> I jtmoNphcrk' turbulence. 

• iVt Range I'ljtes I. 2. }. 4, etc. «tuHild also be HHVtrally examined loceaiionalJ) > 
to permit study of %c» clutter and sky-wave signals. 

/ g\ •^^jfi^Oiie wa*e spar sliould be uvd to measure and telemeter the isotropic ocean 
«kase \pecirum uimewlicre near the path mtd|H>inl. 

• il't Piitsi'J u'i .uvkwjtler mejsuffment\ \liouli ho mjde near the fe».e»»cf Mte. 
(II the manner reported b> C'rombie in hi* papers prewnied in these pro».eedinps. 
These meavuremenis appear to allow fairly accurate and inexi^nsive calculation 
of Ihe isotropic oican wa«eheight spectrum. 

• tVl Ilind^aU wind and wave data %hould he volUctcd. AI%o. ()uant)t3tive 
meterolopcal data versus altitude and position slioutd be gathered where possible 
ti» permit calculation and Mudy of the refractivify. 

• il'» Signal strength versus range sliould be meaMired al least on'e during Ihe 
espenmeni. Dn^ could be done with a irankmitlcr on a unall boat or from 
various other shore points. 

• lU» llon/cntal polari/atton near the receiving antenna shtHild be m^'aMircd «*erjl 
times. e\pvvully during high uas This will indicate the presence of any de- 
P«ilari/a*ton from \teeply Uoping ocean wases. 
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tilliiUblDincy 



SKI «Wd .o .-nr.. .n->« «• r.o...um,..c mo.<.Wo. 
M Mil/. 

U . r.v ...Ul numlv, ..r rrluMt P^.h-Un. «. «** '"^y '•"'"''•"^ 

n... .nj w«n.. of .h. i-lh lo» -inn. o. '^"^^ ^ 

bMtJ on in. hindcMt w«.ht.|tM diti on Ihe dw «f obieiv»Mo«. 
,U. A-irar* of «.c«I .1U..C. .P«..- » «•« l*"'"^ 




UNCUASSIFIED 



UNCl-ASSIFIED 
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SECnON4 
TASK ABSTRACTS <U) 



UNCUASSIFIED 

TASKAeSTRACTS «UI 
T«EOREnCAtSTt.0,U:CAia,tATIONS SURFACE .0. 



Oipmtalioii <Ut 

iVY muvlU- Mrmtwul In^tiluU 
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For the 1**1 year several companies have joined in Project MAY 
BELL under ARPA sponsorbhip to investigate the feasibility of detecting; low* 
Hying aircraft and Submarine Liuunchcd Ballistic Missiles by use of high 
frequency ciectrcmapnctic waves, Iji particular, a number of tests have been 
made by Raytheon usinc; a 5hore>mouj)tcd transmitter for gcncratinf; a surface 
wave mode while Sylvania has conducted a smaller number of tests using a 
buoy-mounted transmitter with reception being accomplished via sky-wave 
at a remote site in Virt;inia. The transmitters and surface wavs receiving 
sites as well as the controlled aircraft flight patterns have all been on or 
near the East coast of Florida. 

The results of the initial tests of this target detection technique 
were presented in an earlier report written durini* this project. In that 
report it was shown thtt an aircraft flyinp approximately 20 kin from a 
2000 watt low power I IF iraiijmittcr could be dcK-ctcd. Wliile nufficirnt 
detections of aircraft were accomplished to demonstrate the feasibility of 
such a system, insufficient data has been gathered to date to permit 
development of a proper system concept to provide a complete coastal defensive 
system, 'n '^articular. Uieru are many parameters that inter- relate the 
ground -wave-sky wave mode that have not been examined or tested in detail 
Th'eie include variations in frequency, path lost with time of day. season, etc. 
A firm undcrstandinp of how a system can be developed to provide the • 
necessary operational capability does not yet exist. 

In this report, the basic parameters that can lead to a system 
definition for the surface wave-sky wave mode are considered by first 
evaluating known theory and experimental data. A set of experiments is then 
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proposed that can provide ihc additional delaiia ncceB»ary to complete the 
definition phaa'* of the program. This will involve measurements of the 
variation in tctal path loss with respect to 

1) Tiroe 

2) Season 

3) Frequency 

4) Target Aspect Angle 

5) Sc* Slate 

6) Distance 

7) Propagation Mode 

The resulunl daU, when coupled with atuUble analysis will provide tlie 
necessary 2valuaticn of the following basic system requirements: 

1) Probability of detection 

2) False Alarm Kate 

3) Time Availability 

4) Volume of Coverage 

5) Number of Sites 

6) Power Requirements 
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2. 



" (Jrt^ SYSTEM CONSIP PWATIONS (Ul. 



Since the purpose ot this purtiui. «.« pr«iir4r" 5« «!«••«• 
flying aircraft and ml..il.. .« I»w .Ultude In order to provide early warning 
along .he .ea CO....... where U.e ba.ic method involve, both a .urf.ce wave 

over .e. water plus a .ky wave to the receiver, it i. apparent that a ..ngle 
tran,mi«cr will provide e..'nti.Uy a circle of coverage: and hence. n„ny .uch 
overlapping circle, are needed for r.liaW. detection a. .hown in Figure I. 
It i. apparent that n.ore than on. receiver .It. will be required .inee .Kap 
.one. are kno^vn to exi.t for .ky wave propagation. 

More importantly, from a .y.tem .tandpoint. it i. nectary to 
provide a good probability of detection lor a .ignilican. portion of time while, 
a. the .am. time, mainulnlng a rca.on.blc fal.e-al.rm rate. Thu.. the 
parameter, of the .y.tem mu.t b. determined in term, of the .y.tem 
requirement, with variou. trade-off. being po..iblc to maximize the co.t- 
effectiveness. 

In order to determine the .y.tem parameter, it i. nece..ary to 
combine available data with experimentation in .uch a way that new dau 
generated with .ulflcien, .tati.tical accuracy to place bound, on the 
parameter.. Tl.i. proce.. con.i.t. of the following .tep.: 

li Slate the problem. 

2) Formulate the hypotheses. 

3) Devitte expcrimenUl techniques. 

4) Examine po«i.ible outcomes with reference back to 
the reason for the problem to assure the experiment 
piONndes adequate information. 




UNCLASSIFIED 



^ 




Figure 1. (U) Areas of Coverage for Puoy-Mounlcd Transmitters {'J) 
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5) 



6) 
7) 
6) 



Consider the potisible rrsuhs as well as the kUtistUal 
methods to be applied, to asiiurc that the condilions 
neccfcBary Xor the mcthodi to be valid are »atisae^.. 
Do the experiment. ■* 
Apply the slatiiucai nicmods to ihc coiletitu uaU. 
Draw conclusions, with measures of reliability and 
confidence limits incluocd. and with due care at to the 
validity of the conclusions as they apply lo ihc problem 
and results. 

While U»e above sequence appears lo lead in a »traisht.forward 
manr.er to the rajuired results (in this case, ih* •y»tem specifications and 
parameters), a serious problem arise, due lu the tin.e-varying statistics of 
the various paths. For example, the propagation of radio w^ves over water 
has been studied in the past by many people (7. B. II) however, variations 
in ihe path loss occur because of sea stale, wind, etc. and the suUatics of 
tliese variations do not obey ;»ny simple law. The .ame probUm of sUtislical 
viriaiion will also occur in the radiation patterns from the transmitter 
antenna, the sicy-wavc mod-^ and the scattering coefficient of the target. 

It should also be nMed that the available data on ihcke problem 
area, docs not. in K'«^ncral. rvprcsent avcraRe values, but usually applies only 
to ihr bc.l condition, with a non-xero mean associated with Uic vifjations. 
U should also be noted that motl of U.e data conceri.inB propanatior. over a 
aky.wiive mode is time dependent with very large change, occurring both 
'for lime of day and season of the year. U has also been found that the" value, 
arc dependent upon geometry and geographical location. 
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,u. ..y U.,... th. purp»»» ot thi. >ct oi ««pcr.mcm, i. t» 

evaluate the .tati.iic.l x.rU.ion. of the .y.tem .o th.i .uiubl. p.r.n„..r. 
c.n be s.lcc.cd to provide . good probability of detection for .n acccptabU- 
percentage ol lime with . rca.onable f.Uc .larm rate. The dc.ir.d para- 
meter, will thus have to be .elected to accommodate ...cnli*Uy "wortt-ca.." 
conditions, and the.c are obvioualy "01 ch.nB.d by Uklng more i^U. 
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Sedion 3. 



STATEMENT OF PnOHLEM Al^EAS. jV) 



Con.idcr • model which conuins « buoy-mountcd irantmiiter 
uilh « verllc.1 •nicnn*. « r^ncclint; urgei HyinR over the oce*.n *nd . 
receiving .iic wilh a high-K^in antenna loc»icd .ufficlenUy iar irom the urgel 
so thai propagation occur* via akywave. 

The baiic problem it to apecUy the paramrtcro r-i that a pre- 
determined alRnal to noi.e ratio will be exceeded with high confidence at 
the receixing .ilc. The loUowing aix arrat .hould be in. litigated: 

I) Effeciivc radiated power and antenna coupling. 

Z) Surface -wave lo5fcC» to tar cel. 

3) Scaiicrine or rcflcfiion coefficient of larnei. 

4) Sky-Nvavf losn-fc to receiver. 

5) Effective noise at receiver. 
G) Receiver antenna j:ain. 



3 I (U) EffcHiivc U .»clialcd pQxvrr. 

The first problem, that of effective radiated power include, the 
variations of received power due to n.oiion of the ocean. Thu.. if the 
' transmitter power. feedUne and antenna efficiencies are known, ihe far field 
can be measured and compared will, numerous field intensity chart, such 
^. those of reference 2. Variation, will occur su.ce the sea at ihe.e 
frequencies acts as . reflector whi.h unfortunately is moving: with li.ne. 
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3, 2 {V) Surface Wave Losses. 

While the surface wave attenuation must be valualed, it may to 
some extent be inseparfeMi* from the above antenna cain problem unless a 
calm sea and a uiable platform are uaed. A number of theories exist for 
ground %^ave propa nation and they also include the effects of an elevated 
target or receiver. It thould be noted, that the purpose of this experiment 
is not to develop a new theory but rather to determine the variations in path 
loss so that reliable detections can be achieved. 

Norton has studied propaRation over a spherical earth and has 

shown that there is ^Knificant variation in field strength of a surface wave 

as a function of hciphl: he considers three regions 

h » 0 

h s feet 
h > (2000/f2^^) feet 

where f is in mcgahcrl*. 

3^ 2 ^ J (U) Kcr.ion 1 - Surface Wave, 

When both transmitting and receiving antenna (or urget) are near 
the ocean surface the direct and reflected waves cancel and only the Surface 
wave exists. The imporunt component is the one for vertical polarization 
t^ecause of the hijjh conductivity of sea water which attenuates the horizontal 
component. Thus, the surface wave attenuation approaches the values given 
by theory for a pcifedly conducting sphere. Barrick ***Ua5 also Included 
the effects due to roughness and has published detailed data for various sea 
sl:.ics and frequencies as shown in Figure 2. It should be noted that the basic 
loss is for a sphere and not a^perfecUy conducting plane. 
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Figure 2* (U) Basic Transmission Loss {or Ground Wave Aloni; the 

Ocean* Propagation in Upwind -Downwind Direction. (V) 
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i. 2. 2 Rcc'O" " - M*"*'"^ Antenna Heights. 

in .hi. region Norton h.. determined . height-g.in fun'elion .nd 
it i. O..IV n.ce...rv to rT,ul>ipl.- the .»rl.ce «.v. ticld by the function. 
l(q ), «q ) dctin.d by Norton for the tr.n.mltting .nd receiving .ntenn. 
heights at shown in Figure 3. 
j_ 2_ ^ (U) Region lU - High A ntenna. 

When the transmiiiing and/or receiving anteni* are high, the 
earth', curvature affect, the field strength both within and beyond lin.-of. 
sight point.. The ba.ic ground-wave fid .tr.ngth mu.t be multiplied by 
a factor depending upon whether the path i. lin..of..iRh. or not. At 
.ufficiently high al.if. U,. field in.en.ity ha. been found to decay 
exponentially with increasing height. 

At point, within line-of-.ight the earth', curvature must be 
considered .inc. the pi.n. wave reflection coefficient i. dUferen. for a curved 
.urfac. than for a plane. Al.o the curved surface reflection cause, the 
energy to diverge more than i. indicated by the inverse .quare law. and 
hence a divergence los. factor mu.t be included. U is apparent that the.e 
iacto,. affect not only the .r.n.mltter to urge, path but al.o the target 
.0 receiver path .ince the target act. a. a radiator after ref.eC.on Barr.cK 
ha. al.o modelled a .urfac. wave and calculated the pa.h lo»s variat.on, 
• with ..a .tat. and heigh, for the HF band. Hi. re.ult. are very ..m.l.r 
to Norton. 
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3*3 ^tS7 Effective Target Area. 



The evaluation oi a meaningful target cross-section for an aircraft 
is diflicult, since a complex target ouch as an aircraft may be considered as 
madeup of • large number of independent objects which scatter energy in 
all directions. SkolniH^^^ has shown that the cross-section fluctuation from 
a "simple" scattercr can vary over a ratio of 4 to 1 which would introduce 
scintillation in the signal and hence doppler spreading. 

Target aspect angle (TAA) can have considerable impact upon the 
reflected or scattered KF energy impinging on the target. Some of the 
information available at £DL on the HF radar cross-sections of aircraft 
and missiles is contained in references 4 and 5. however, it should be 
emphasized that these measurements were made for back-scattered energy 
and may not be correct for T^rward or sideward scattering. The difficulty 
is that the target area not only affects the amount of required transmitter 
power, but also because the sizes of typical aircraft and missiles are on 
the order of a wavelength at these frequencies that the choice of operaiini; 
frequency may be influenced. Thus, appropriate targets mu5t be cvaluaiccl 
in terms of the goals of this program. Some of their conclusions arc: 

1. The fine structure (nose cone, tail fins, etc) with 
dimensions considerably smaller than a wavelength has 
negligible effect on the cross-section at any aspect, 
except in the direction of deep nulls where the depth of 
the null is somewhat affected* 

2. The KF broadside cross-sections of rockets and large 
aircraft are of the order of several hundred square meters. 
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The particular cylinders studied showed a deep null end-on 

if the length of the cylinder is less than one waveleiTgth. 
U the length is greater than one wavclengih, another null 
develops at 20' from broadside. 

4. The depths of the above nulls can exceed 30 db below 
the broadside rc&ponse. 

5. The cylinder aspect raUos studied had length to diameter 
ratios L/D » 10 to 14. A rotation of the cylinder about 
an axis normal to its longitudinal axis and parallel to the 
Poyrting vector resulted in a elowly varying rctponse 
(polariaation sensitivity) with nulls not exceeding 6 db. 

Table I is Uken from Reference 5 and shows nulls, null depths, 
and cross-sections as a function of frequency. Great variations in null 
depths are shown - as well as large variations between peaks and nulls. 
For example, the peak-to-null variation of the KC-135 shows 27. 3 (-13) db 
or a total variation of 42. 3 db. It is obxnous from these results that both 
aircraft and mi.si)es pre3ent scintillating targets with wide si,:nal variations. 

It is interesting to note tha. only two oui-of-plane measurements 
v,ere made - these on the KC-HS. They showed -13 to -19 db nulls at the same 

frequency. The apparent cross-section did not change significantly, however. 

Since the impinging UF energy from the buoy antenna will not always bo 

exactly in-plane for an aircraft target, an --ven more complex null structure 

can be expected as the out-of-plane angle varies. 





pf!! mm 



TAO1.E irjaf^MONOSTATlC HF BACKSCATTER RADIO CROSS SECTIONS 
FOR AIRCRAFT TAKCE TS BASED ON X-HAWD MOOEl- 
RANCE STUDIES (U). (Reference 5) 
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Soviet 






1200 (maxT 


BISON 


E PuUrixAtion 


15 








• 18 db (min) 




H Polarisation 


IS 


16-4 (max) 








-U db (min) 


BEAR 


E Polarization 


IS 


1800 (max) 




H Polarization 


15 


1010 (max) 


TU-104 


E Polarization 


IS 


1 

21S (max) | 






• 12 to -15 db (min) 


TU-16 


H Polarization 




762 (m«x) 






-12 db (min) 
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MIG 19 


E Polarization 
H Polarization 


IS 
lb 


450 (max) 
.ft 

50, 5 (max) 
min at -17 db 


MIG 2i 


£ Folarization 


6 


3»B (max) 

-22 db nulls at t^O^ 




11 Polarization 




816 (max) 

-25db nulls at =90« 

several nulls at 
t 90» 


NUG 21 


E Polarization 


15 


(max) 



H Polarization 



15 



~IH db nulls) 
IZ. 4 (tnax) 
inir. o! -9 db 
no nulls 
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3.4 fU) SkN*-Wjvc Prop.t 

The {rcqucncy chosen for this experiment must be cxan.h.cd 
carefully so that vhc disadvaniage. of HF propagaiion arc minimized. Some 
of the di6advantai;e» of u»int; HK arc: ^ 

n The variability of propa^;aiion conditions %.hich could 

require chanRCS in operating frcqucnc>'. 
Z) The lart:c nuntbor of possible propaj:aiion paths with 
resuliinii lime dispersion of Inc sipnal due to ivuUiplc 
modes of propapaiion. 

3) The Urpe and rapid phase fluctuations. 

4) The possibility of hi^h interference rates due to multiple 
modes of propasalion. 

For example. Figure 4 sl.o^vs the typical viriation of 

the critical Jrccucncy .1 o.. .pccif.c latitude and ....on for hi.h and lew *un.pot 
nunibers* 

A low frequency •> nociicd to ^c: S,elow the nichitimo n.axi*-..um 
u.eablc frequency tV.CFl, and . higher frequency i. nc. dod in the doyt.n.c 
that i. both belo-..- the ML-i- yrt above the region of hi^h ab.orpi.on. l.r.i...c:t 
in thi. dt.cu.sion of f.r.t-ordcr factor* i. the .'a. I Ih.U a lower u^caolc 
freqiienc/ (LtF) exist, and i. a function of absorption, inc.denl field strer.>;th.. 
receiver i.oi.c level*, and reccivinf .ite noi.e enviromneM. 

Al medium frequencies, it i« po..ible tnal the Rroundv-ave and 
' .kyw.ve ran^e. overlap with the re.u!; that .evere fadir.c car. occur ••. vn the 
two .isnal. are of =ompar.bl. amplitude. The path len^-.h i. .hu. a eon..der.t.or. 
as well a. the frequency eho.en for the experiment. 
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Typical Diurn.ii Vari;»lion ol Ci itual Knqui-m v lor January 
at UiUtudo -10 c!i't;rffs (From Ki'l. i). (l*) 



UNCLASSIFIED 



UNCLASSIFIED edl-c-915 

3, 4 (f) *■ Continued. 

Where Figure 4 showed diurnal variations of critical frequency at 
one latitude lor cr.c :.«ccn oi the yr»r. Fir.ur.. & ^ho^V8 typical value, of 
absorption at midday. This is a maximum and depends upon the angle o£ the 
sun in relation to the horizon. On short paths, this iit the actuM path 
length and not the distance alon»: thr earth. 

In ord. r lo evaluate the proper ircquencies o£ operation, it will be 
necessary to determine experimentally the variation in path loss with 
frequency. Certain J ssumplions can be made to limit the amount of 
experimentation nee-^od ior a manageable program. These are: 

1) Tije receiver kite noise environment and minimum 
delectable si>:nal threshold are accurately ki^own. 

2) The effective radiated po-ver (ililP) of the buoy-mounted 
transmitter and antenna is iiceuraiely known or can be 
predicted. 

The HK r.idar c ro>6 - section of larnet aircraft is at leait 
20 meters^ at aspect angles. 

The recei.-inc «*ite antenna jrain ib known acfuraiely. 
5) The iisidpoint of the bkywave path is knuwn or can be 

predicted. 

The ionosphere midp'»int is stable or its variation can be 
predicted. 

The inatrumer.tal »n.»n:Mr.icies .ire known or can be controlled 
Ihe buoy sv.inc or »«ea Ktate will not aifet t the meahurem.-nls 
of path losb. 



3) 



A) 



o) 
T) 
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3.4 (U) Conlinui'd. 

9) The wcdlhcr cfXvrts on ihc aimoiphcrit re£r*ctitT index 
arc nc^li»:iblr. 

3.5 (V) Noiac at the lU'crivcr. 

Figure 6 ihowi typical noi*e in a 6-kc bandv\ idLh for a latitude of 
40* averaced over a year. Summer averages will be a few db higher while 
winter avcragea will be a few db lower. Hie noiac level will vary with 
UUtude. however, the particular receiving titc is fixed so that more accurate 
noiae deierminaiiona could be made and a auiiablc correction factor applied 
to any experimental retults. 

Hcccivink; Anlcnna. 



The tranamittini* antenna will be b)* necessity limiicd to a simple 
vertical and may be quite si-.orl cojupared to a wavelength so thai its 
efficiency as a radiator will be low. The retcivin^'. antenna cn:; be qui;c 
efficient providing; the chosen fri-quency is not too low. Dcpcv.din^ upon the 
spatial separation of arrivinj; si»:nals from more than one buoy, the rcccn inj: 
antenna may have to be rotalable — or cou^xsx ol .i »icrrablc array so ihui 
optimum receiving conditions can exist. The better the receiving an'.er.na. 
ihe greater the depression of the LVK. 





Kinurc (t) Typical Avcraj:c Noise Level in a 6-kc Wand (Kef 2) (U) 
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Section 4. 

EXPERIMFNT DESIGN (U). 




Because the end me..uremeM o{ thie experiment i. reUted lo 
doppler .hift. it become. .pp.ren, d... . .low moving vehicle -- .uch . 
.url.ce ve..el - I. of limited u.e . Urget in evaluating path lo... In 
addition. . helicopter pLUorm i. con.lder.d le.. de.ir.bl. because oi low 
.peed, unknown cro.-.ection. and rotor modulation eH.c... A relatively 
high .peed aircratt - up to M.ch 1 a. a .arg.t vehicle appear, to be a 
viable .olution. but I. .ubj.c. to aom. contraiM.. The aircraft .hould be 
urge enough to a..ure an adequately large cro.-.ection. and lor ov.r-wa.er 
operation. It .hould be multl-engined. Since the target I. pa..iv.. it need 
not require more than a .ingle .eat aircraft, auch a. the F-lOl. The cro.. 
.ection of the urget aircraft .hould be known accurately from model 

TO cover th. effect, of diurnal variation, flight, mu.t be made 
often enough during every 24 hour, to provide sufficient ..ati.tical data. In 

.dditio onal variation, require that experiment, must also be carr.ed 

ov riod of month, so that seasonal effects may be taken into account. 

It may be possible to Un.arly interpolate for values over longer period 
. effect, .uch a. .un.pot number variation, but this is mere conjecture a. th.s 

Additional atudy is needed to determine the length and fr«,uency of tests. 
Since the target aspect angle I. a vital parameter, many flight 
paths may be necessary - at different altitudes to provide suific.ent 
.tati.tical dau which may be proce...d to proWd. meaningful result.. Th.- 
aircraft .hould be flown In con.Unt r.diu. «rcle. around the buoy to prov.de 
general contour.. Cro..-hatch flight path, can then be used to provide ti.v 
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Continued. 



variable aspect ani;lc data as wrll as provide check points where the circular 
paths are intersected. Again, it should be realized thai these lligfts musi 
take place at several diCfercnl altitudes and should be numerous as possible lo 
provide a suHicient data base lor sutistical analysis. Reference to Table 1 
included earlier in this report shows the larger values of cross-section are 
1B09 meters^ so that an assumed 20m^ in the equation below represents a 
worst case. 

The reflected pov.'er can be expressed as 



ref 




(3) 



(4irD) 



where: 

P B Power reflected from the target 
ref 

P s Power of the transmitter 
t 

C ■ Cain of the transmitting antenna 
t 

0 = Target cross section 

D « Distance from transmitter to tart;et (same 
units as o) 

The rcllccled power (P^^,^) is calculated for various distances D in Table 11 
assuming an cffccUve radiated power (P G^) of 1000 watt.. Table U shows 
the large variation in reflected power with disuncc or volume of coverage. 
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TABLE U. REFLECTED POWER FROM TARGET. (U) 




A Bkelch oi the basic propagation model is shown in Figure 7 
below with various portions o£ ihe path labelled. 



lONOSPHCRC 




BUOY 



RECEIVING SITE 



Figure 7 (U) Sketch of Basic Propagation Model. (U* 
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The following equation* apply to ihift model. 

p « T - L + G = ERP (in dbn^) 
r P ^ 

, . -u-»c lo«», anH C 'Antenna Cdin 
T = irantmiiier Power, l-n,,^-^^* I 
P 

L = Surface Wave Losses 
■w 

p s Power Incident on Target 

p^^j . time. T.rsct R.nccxion Co.Hiclen. (... T.bU U) 

. " = Slcywave P.lh U... (including ionospheric io.ee.) 
sky ' 

p. . Skyw.ve power incident .t receiver .ntenna 

p ' . P .ime O .Toul Sign.! Power 41 receiver(P.,'C^ in d.n,) 
a Ir r 



P. = ^ref - ^ky * ""r 



p s (P ) (Renecilon Coefficient) where P^ « P^'^w 
rcf i 



(4) 
(5) 



Note that this does not take into acco.^t receiver noise figures, bandwid.hs. 
Note that mis aoc frcc-space iransmifesion 

nor interference. The standard logar.t«Tmc form for free p 

loss. L between two isotropic antennas is given by: 

. 20loRjoD*20loBjjjf-3o.5Bl 

. . • ..Ki-riz Paih. losb cannot be lebs than the 
where D is in miles and f ism mcgaherti. Pau^^ * ,n . 

.f,*.r Norton (8), Halc the following: 
free-space loss so that one can. after .Norton lo). 

(") 



trans 
where L, 



trans 



. System Transmission Loss 



O^. . Tr.».mitun« and Receiving Antcr.n. ^a.n. .bove i.otrop.c 
A ' Propagation path lo.a relative .o the ire.-.pace value L. 



4. 



Coniinucd. 



U,c»e.wherel.Upo..ibl. to de.ermin. the cif.cllv. v.luc. of 
ac.o.n.n. ... value o. A. U bccon,.. in,po..»Me. how.v.,, .0 .p». e he 

Thu.. on. n,u.. be .a.i.U.a with only .n over... .r.n.n P-.^ . 

TO ... why .hi. U .0. le. d denote the di.uncc and .he volume 
.„.„uaUon «.c.or co.c.pond.P to ,-.h .no.ph.rU path. W 

iK*» transmittinK and receiving anlcnn** icr 
„ denote the power gains of ihc iransmuunt, 

g^. denote P available from the receiving 

this particular path. The avcrate Bigna^ P 



antenna P . l» then (Irom Norton - Kef. «); 



(8) 



Thi. i. the «„er.li..d lorn, ot C-tion (7) .bovc and U ohtained by .un>...n. 

...... th.. ..p.... p.... u i.«po»..c . .... 

»he ..:n,n,U..n. and ....... the ...«a.*on ...n. and . . 

i„,po.siMe to .eparate out .Uhcr an inver.c distance faeto. EKK 
received field intenaity, 

.eieran, .o Ti^u.c Z and E,ua.ion. and ,S,. i. appear. on. 

could (or caUuU.c, both .RP and the .uriacc wave lo». L • 

. • T»blc II .how .o.al retlcced power. U i. ...unu-d Iha. 
figure, given .r. TabU II ^^^^ 
, .M. i. .,-iv.Un. to the power that . re lec ^^^^^^ ^ ^^^^^^^ . 

airecion of .he re.eMn. ...e. ^ JeKK The ..y wave 1.... 

t-an.miUcr with iho«c values in Table II a» i-c «- 

transmitter wu iree-sp'C^' 
L , can be calculated by a».ununs no, ot.-e. 
sky 
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lo.^. I'hU would be approxi.n^tely irue for niKhluinr cndiiion*. bui -n 
ab.orpiiun Uclor would ha%c to be added for any portion ol ihc palh^whuh i. 
in daylight. 

rak.nR vnc v^Uc. fror.-. r.i^lc !! as «3r;,et E UP and calcul-lmc 
the path loa. for 100. bOO. 1000. and 1500 n:ile skywavc di.»t*nce. for a S Mcs 
Iran.M.i^.ion fr.Kjucncy. c vU-in ihc mcidcni .kywave *iLnal power Ubn.) 
at the receivinc tiile (>»ec labU- 111). 



TABLE 111 tt) INClUENr SKY WAVE SIGNAL POWER (dbnQ (t 



Tar^:cl 
EKP 
dbni 



rranktniftftion UiftlanLC in Nhlr» 



- 12 

-26 
« • ^ 



100 


soo 


1000 


1300 


-M7 


-121 


-127 


•131 


-Ui 


-127 


-153 


-137 


-121 


-135 


-141 


-145 


-127 


-MI 


-117 


- l=.l 


-lii 


-1 »7 


-I 5 .^ 


-15>7 




'\^A 


-iul 


-Uo 


-ir. 


-iul 




-ITl 



Included in v.- abu.c UUlr Inc a«»u:np:»o» uf »»nul.- h.p »kywa%^ prup^- 
^.l».m nu.Uc a. well a. an arbitrary 4 db lo.* du.- to ,ur.o.*phcric r.flettKMi. 
n.i. :.u:,.brr is conservative »in. e il depend, upon the .enevtiun coeflicii-nt 
of Ihr iono.pnerr. ^nd could MCMlicai.lly Ui^u. r .lOJ. addition -ny 
rrienii.t: unltnn.i »:ain ik not intluded in the table. 
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Section 5. 

5. ^fli ANALYSIS. 

As ,ncnlioj.cri bcrorc. the purpose of an/ rxpi-riiucr.ial pro^r^iv. 
is ID develop tyniciiJi speoliralionft. rhcrefcrc, Ihc tiala taken al besl 
rcprcsenli^ s.v.r.pU- points from the total pot^siblc variation for the various 
poriior.b oi S:.c r.'.odcl. It will thrn be necessary to apoly standard biau. :-al 
technicjVK's to dvlvi ...if>n the mean values and the various, percentile abo 
the »ncan. This in turn can be readily translated into the n;ore u<ual 
parameters of power, antenna ijain. volume of covcrau«. etc. 

In addition, to the usual analysis, it will be necessary to eJiai:.;:ie ti.c 
dai;. to evaluate whether dependence exists on thr -.ariuu!. porliu::* of the palh 
and albo to determine variations with nine, geopiapnical loc.'.tior.. etc. . 
since ii is quite likely that anv system would require a toMrol link in order 
to maintain opiin.um parameters while accommodatin^ the known variMi.ns in 
t!)e ^vslenI. 





SVMNUHY. 



lJu' j\.liowint li^ramolrrs lunlnlmlf IM- !lnJ^l uncertainly lu 
Ihf cxptTinjrnl. 

I, K: rqu' t^L y • ;.!Ubt :>i- ciiwson lo ::.itii:n «f irU f r fcr one c 

yl pruvidr * •.uHiCii-nliy ^Ubli• *i»:nAi wiU. In a-1 probubilily. -i lc-:>l 

ivvo frvHUcnLio* ^vill be m-cc**ary - unc ior dayiin.r u^i- and one lur ni^Mnn.c 

*^ )>ath Length - Uir palK It-n^:!!. nsi -.t be chosrn h.i » lu 

n.initi.ize -ny p •>5ibU. s.cH--imcnVrfmf prabUu.b i. . l^^- uround ^^avc 
.over.t^if are- n.u«t i.ul im luUe the recrivinc MU'. but Ihr i,kvwavc p..il. 
^houl(l rtt I«>ii • iMMUcii luf ri'haJjlf n.-jdrs. 

S, Va; ck\ .•^^l>^'it Ar.Llv - ine ur.ly u-l.i .ivaiUbh- on iAA i> 

d..l.» whirr, v..,^ taken in the h.»ri;- onlai plane. A* ^u.i: any inclined plane i.uiU 
are nul putted, ex.epl ... l-o .,.>es on ti.e KC>135 a.rcrall. Sin.e inrident 
e,.t rjy •»:. :iie larcel will ..ol i.luaer. lall exactly i» l^'^ huiizonl..! plane 
ibro.'dMd. t .■I.»^B-^etlKm^ v.ill vary ov. r >on.e unkno\M. ranue. 

NjH !). i>tii \.tri.iiiOMt» - u i;ivcn tar^:»-t M»o\\n null 
•.^M..t;u:.^ -J ..vr, 3." din liu rel-^re. ..ny iliunt path i.ave to uv laieluli, 

...r.troll.-d ... ine e«eit* ol the null.-. ni..v br ac4«unled lOr. 

Kvciivin.- .Mte No'>.- Knvi run»::.r.t - i-- n"l expeUe.! 

>. r».-..».l/ ..fte.l t:.e cNpernnent M«iC tne .:;ean v-lur and >e.»mi..J xaiialio..* 
.jl a:::uient i: -i>e >no:iid be available !'i t CIK 

u. A:l^orp^; n - thi- i!» a v^ria-le » «: : iiw»t. luilw^r .inn 

.t- .rl..n;..i to X-.-.v MinV ancle ^v.ln t::e lu.ri^w:. .»s a> Jei:.^ ireti-u-iAV 



S 




b. 



r "inalfurn. » thrrccomn.cr.dcd pUtfor... i. n.ulU-cn^mc. 

hi^h prr!cr:v.a". .• -ircrait. »r.U pr.icr-bly urn- wiu...- cro»..e.li<.n i> kr...vr.. 

t. Alul».i. > - •••vcral aUi.ud.-. (or ihc lar,!ct will be nccc.ry 
bcc.usv the (.via Mrc^U. i. .Unudc ..d irc,uo«cv «nM.iv«. 

9 V -..n. lol.-.^..c..> • >onu-dctcni.inaiionoti»« 

po..ibU. r-,.,.-> oi .ulcancc w.U ...d.d all ..r.-.s of l„.plcnu.r.UU-r.. 
not only .o .ire U.. .xpVrin.cn.. buv .o jud.c it. u»p«i on .he colU-cied d.... 

10. InlcVrrncc - Hi' imcriercnc- i. * unknown <,^ar.t.;y 

.ince i. v.rie. considerably iron. i.our xo hour anu d»y to d»y. t. n-.y n-q.ir.- 

,„or. U«n ju.. .wo frcqucncic. .« conduc. ,he exp-r f.in, ..i.hcr po.v..r 

source, would d«r.-*»r Ihr in.erSt rence problc... 
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Section 7. ^ 

H KCOMMENDA HONS. ** 

In nummary it if recommended thai the proposed experimer.Ul 
program be accomplished in £our phases. Firsl, analysis and measurements 
are needed to evaluate the coupling' between the buoy-mounted transmitter 
and the surface wave which* of course, ii vertically polarized. To do this, 
a variable frequency transmitter will be operated with a shore receiving 
station to minin^ize the variables. 

Second, additional analysis will be made for urcct cross-secticnal' 
area. Phis i» best accomplished by modelling. Model experiments will also 
be conducted to evaluate the difference between backscattcr ar.d forward 
scatter. 

Third, the path loss must be evaluated. To do this, an airt>or;;e 
transmitter will be used and bo:h ihc sk^- wave via the ionosphere and the 
surface wave will bt mcasur.'d. In ihia phase, suiticieni data must be taken 
to validate the ihcprelical results o: previous workers (2, 3, 7, 8 and 11) 
in order to all prediction of time availability with reasonable accuracy. .Mode 
and lrrqu«r.cy of propagation wail also be optimized durin^: this phase. 

Fourth, a preliminary system \\ill be defined as a result oi the 
above in\ e»iit;ations. This dcsi^*n will include coverace area, control 
requirements, and an estimate of detection probability and false alarm rate. 
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ABSTRACT 



Thlfl report diacuttes an inv«atigation of the 
feasibility of defending surface vess'sls against 
low-flying threats. Various models an^. tech- 
niques baaed on them for the estimation of 
threat trajectories »re derived using a poly- 
ctatic radar approach wherein targets are iU 
lujTiina<ed with skywave and surface*w«ve modes 
and reflections are received by a shipborne 
receiving system via the surface-wave mode. 
Two of the models were tested via simulation: 
a two-transmitter, one-receiver (double base- 
line) case and a one-transmitter, one-receiver 
(single baseline) case. The results of the in- 
vestigation indicate that of the models tested 
only the double baseline approach may be a 
feasible method. However, further analysis 
is needed before a final conclusion can be 
reached. 

Two configurations that might be feasible for 
the shipborne hardware required to perform 
the azimuthal and O'jppler measurements arc 
discussed: the multiple-baseline/pattern- 
recognition system and the switched linear 
array Doppler direction finding system. It is 
conclucfed that the relative advantages of the 
two systems should be investigated to select 
the one most appropriate to the specific appli- 
cation desired. 
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1.1 



Section I 
INTRODUCTION 






The detection ot low-flyinR threati to surface veaseU at a 
ranRe ■uffielent to give useful warning time and tracking information Is a 
problem which mui*a be solved if the surface navy is to survive. In detecting 
these threats fhe enemy must not be Riven the opportunity to use simple 
direction finding techniques to locate fleet unitn. Thua» it is desirable that 
tarRel detection noft require radiation from the fleet and that the flee! operate 
under complete electromagnetic control (EMCON). 

The feasibility of using a hybrid (skywave/surface-wave) 
system to help sot«e this problem has been demonstrated as part of the 
MAY DELL Progm. In this concept, the target U lUum.lulcd by^ ftkywaves 
from transmitter* (Trithcr shipbornr or land-bAscHt located at over-the-hortzon 
(OTfD rangea. Suiriace waves which propagate from the target Co a receiving 
■yilem aboard a oftuip permit dctectrons to be made even when the target is 
below the Une-of»«iight radar horixon. 

Experiments pirriormed at Cape Kennedy. Florida, with 
a shore-based receiving station simaJating the shipboard environment, a 
Navy P3V aircraft a» a controUetl target, and illumination provided by the 
MAURE (pulsel ajsd CHA PEL flEl^L. (phase code) transmitters, located 
respectively in Ntar^land and Virgraia. have shown the technique to be feasible. 
For most of the fXiiyhas of the tarfcet its altitude was ZOO feet, and detections 
were made at ranffv« as great as >0/H kilometers (kml from the receiver. 
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FEASmiHTY STl'DY. 



its an applicatoore pf the hybrid-system, fleet air-defense 
technique, a feasilbCnity study under Project AQUARIUS has been conducted to 
determine the pracftiicallty of defetadiiRg the Mediterranean Fleet against low 
flying aircraft and cratse missile* nwuig ovcr-the-horlion detection (OHD) 
8kywave--surface-waive and •urface-wave--»urface-wave technique*. A 
parallel effort wUMir this aludy waa t» determine if simple continuous wave 
(CW) rather than ramre code transnU^stons could be used which might then 
result in a simpler, more mobile system. 
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.-CONTIN 



IWUED. 




it WAS determined th»t ehore-beeed HF (CW) tourcee 
could be used (or ekywave and eurUce-wave target tUcmlnatlon and .hlpboard 
receiver, u.ed to detect the iurface-wave Doppler .hlfted elgnal ecmttered 
by the target. A.aumlng reasonable power. (10.000 W). vertical antenna. 
«nd 100 cro.» .cctlcr.s. a target detection range of approximately 100 km 
from the .hip I. typical. 

Although the Doppler detection provide, .ome Information 
about the target velocity and direction, because of synunetry. targets flying 
near the transmitter may give the .ame Doppler .hifl a. those flying near 
the .hip. Thus a mean, of dl.crlmlnating between threatening and non- 
threatening target, may be a. Important a. detecting the target, them.rlves. 
at OTH ranges. 

This report describes the derivation and presents simula- 
tion results for three stralrht-forward techniques which allow OTH target 
detection and tracking while maintaining EMCON. 
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SUMMARY. 



Derivations have been made of techniques to provide 
location estimates of low.flying target, using a polyslatie radar approach in 
which the target, are illuminated with .kywave and/or surface -wave modes 
from a land-based HF CW transmitter and the reflections from the targets 
are received bv a shipborne receivinR system via surface wave mode. The 
models used have been examined for two confipuration. a two-tran.mittcr. 
or- receiver (double baseline! case and onc-transmitter , one-receiver 
(•ingle baseline! case. For the double baseline case two model, were de- 
veloped. one to repre.ent azimuthal and Doppler measurements made at two 
different time points for each baseline and a second to represent a -mRle 
set of measurements for each baseline. For the single baselme case a third 
model requiring two leti of aaimuthal and Doppler measurement, was de- 
veloped. 

The second and third models were simulated for aircraft 
detection in the Mediterranean for two situations: one in which the 
flies directly at the ship and a sec'..»d in which it flies at an angle of 30 
from the .hip. Tho influences of bearing error measurements on the trajee- 
tory «stiinatlon were examined. 
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CONTINUED. 



mmm 



Implement Ation c on eiile ration* indicate (hat D^pipler 
retolutiona of 0. 1 Ka and axlmuthal accuracies of 1. ? degreee KtSS are 
feaeible. 

Two conflRurAtionS'-the multiple*be«eline/pja&pri»- 
recognition eyelcm <MB/PR) and the ewitched linear array Doppl«r rttrection 
finding ayatem (SLADt--that mifiht be feaaibte for «he ahtpborne harrivrare 
requived to perform the azimu:hal and Doppler meaaurementa are diacuaaed. 
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CONCLUSIONS 



The resulta of the.ir.veatigAtion indicate that the double 
baaeline approach 'wh« rein a ainjcU of meaaurementa ia made lor each 
baaeline ia auperior to the slnfjle baseline approach. The neceaawf 
asaumption required by the tingle baaeline method intrnducea larr* errora 
in practice and nuke a thia formulation of the method unacceptable. An 
eatimation accuracy of 1 km in r«nx« i« acH*vab!e for the ideal double- 
baaelioa caaa where there are no meaaurement errora. Inaccurafe atimu* 
thai meaauremen^.e reanlt in Rrcater errora in range eatimatea than do 
inaccurate Doppler meaaurementa. A preliminary error analyaia indicr.tei 
tnat errora of i 2 in bearing meaaurement ••vault in r^nge errora «I 1 - S km. 

From the forc^joia^ r«aulta it ia concluded that Sbe double 
baaeline approach appeara to be a feaaible method for eatimating the location 
of low»flying aircraft uaing « polyatatic HF ayatem. However, addEcional 
analyaia ia required in 

(a) detailed error analysis of the double ba«*line 
(single measurement) method, 

(b) a simulation and error analyaia of the itcmble 
baseline (multiple meaaurementt method^ 

(c) location eatimation ofhiRh flying aircraft/ 
misailea (the case for which a flat earth and 
two dimenaional model ia no longer valiitll, 

(dt aystem design for implementing the double 
baaeline (aingle mearurementi method, and 

■fa) analysis of other XoTiiuilationa of the aingle 
baaeline approach. 
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tt 1« ftlfo concluded that the two potflblo •hipborne hardwAre 
•yatems •hould b« furthar iovsttlgfttod to lelec. ihm one mv«t Appropriate to the 
•p«ciflc appUcfttiOD detirod. 



1. 5 (U) REPORT ORGANIZATION . 

Thif report contUtt of four eortione. The first preecnte 
Introductory baekfrottnd Information concerninff previous work done on the 
detection of low-flying threats to surfaco vessels. II Also introduce u the 
ieasibiUty atudy described ia this report and gives a summary of the study and 
the ceaclosions reached. The second eectloa describes the models used and 
ihe derivations of the various techniques, based en the models. for estimation 
of miss lie /aire raft trajectories. Section S discusses the siirulation and testing 
that was performed on two of the models and points out sources of ers jr in 
•acK Cellmates of the effects of errors in the mearorad parameters en the 
resolla are also gives. Finally, Sectiwa 4 discusseo ways of designing /nd 
coastracting the shipberne hardware required to provide the asfmuth «.id Uop* 
pier meaaaromeal laformatioa oeceasary Co the application of the derived 
techaiquea. 
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Section 2 

DERIVATION TOR AIRCRAFT TRAJECTORY ESTIMATION 




GENERAL. 



As detcrtbed In Section 1, protection of the fleet aRalnet 
tow flylni slrcrsft «nd/er cruUe mlatllee may be nccompUehed uelng a 
blatatic rftdftr with * ohorc-baeed trsnemUter for target iltumtnatten combined 
«rlth poetlvo ohlpboard reception. In fact, eve r*the-hor Icon warnInK may be 
ftccompUthed without active ahlpooard radiation (I.e. . with electromagnetic 
control. EMCOW. The technlquee considered in this study appear to eUmlnate 
two CuBdamonUl problems Msociotod with CW-Doppler blsiatlc radar- 

«• Target signal amplitude fWes no IndlcallM of whether 
the target Is near the tranimltter or the receiving ^ 
■hip because the blstatic radar range equation Is 
symmetric about the transmitter*target and receiver* 
target ranges. 

b. Single Doppler measurements alone cannot provide 
unambiguout tsr.qet location since single Doppler 
measurements have a four-fold location ambiguity 
caused by the geometric symmetry between the 
transmitter, receiver and target. 

Three separate derivations will be given describing techniques 
which tr.ay be used to locate and track low flying targets which may threaten a 
surface f leet. — — ^— ^— - 

2. 2 (U) MODELS USED. 

For the two-dtmenslonal (flat earth, low flylnj situation 
being corviidered here, two geometries are worth Inveitigstlng: a two- 
transmllter. one •receiver (double baselinet case and a one-trantmitter , one- 
recelver (single baseline) case. For the double baseline case, two models 
were developed. One model requires that, for each baseline, azimuth and 
DoppUr measurements be taken at two different time points. The other i »odel 
requires only one azimuth and Doppler measurement for each baseline. The 
geometriei for thete two models are llluitrated in FlRurei I and 2. The 
single bsseline model requires astmuth and Doppler measurements at two 
different time points; the geometry for this model is shown in Figure 3. 
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Figure I. (U) Double^Batellne. Two-M>aiurements 
Model. (U) 
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Figure Z, (U) Double-Bmscllne* One-Meaturement 
Model. (U) 
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2. 2 (U» -.CONTIWJED . 

Of the three modeli. the a Ingle bftaeline caee ie the moet 
deelrftble from an operatlooAl point of view becauae it requlrea monitoring 
only one tranamitter. Of the double beaeline modela« the one>meeaurement 
caae la the aimpleat and the eaaieat to Implement. The following derivatlona 
deacrlbe how trajcctnry information may be obtained uaine each of theae 
modela. All modela aaaume that the aircraft of Intereat haa conataat velocity 
and direction. Flat earth geometry ia alto aaaumed» a valid almpUficatlon 
for low flying targets , 

2« 2. 1 (U) pouble-Baaeline, Two«>Meaaurementa ModeU 

Conalder the aingle baaellne. one time point aituation ahown 
In Figure 4« where a vehicle ia moving at an unknown velocity t), the dtatance 
between the tranamitter and the receiver ta aaaumed known to be D, and the 
tranamltter la broadcaatlng on a known wavelength X. The astmuth angle 
of the target at the receiver, o« and the Doppler ahlft, Ai, are meaaurcd. 

The received Doppler ehlft for thia geometry may be 

written ae 



= - - (coa 6 1 ♦ coa ©^i 
Anglea 6| and 82 on alao be written: 
fl, s 90 ♦ a ♦ 6 



» 90 + 0 . 6 

Therefore, 

At s ^ fain (o4>6l sin (/l-a^l 
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Figure 4. (U) VarUblea for Double-Baselln«, Twe- 
Meaturements ModeU (U) 
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2.2.1 (U> -Continttccl. 

AUo, 

6 . un-' (\) 



\. I . . -1 I « tar, a I 



If there are two trantmUter geometrlei. which fhaU be 
dlstingulehed utlng eubicripta, then the following three equation* can be 
written: 



1 



Afj=^ |.ln(c,,+ 6,) + .inltan' U ...... | • C,|} (» 



J! 



and 



6^ = 6, ♦ t (»> 

where « the angle between the two baseline*, a» shown in Figure 1. The 
value of c may be calculated becauee the coordinates of the two transmitter* 
and the receivers are assumed known. 

tf additional asimuth and Doppler measurements are made 
for these same two geometries at some time At later, then four more 
equations can be written. This set of equations is distinguished by a euper- 
•cript prime. 



Af,' = a .in lun-'l ^ ■.. . i -6,1} (4) 



UHCUS'SIFIED 



Af^' = ^ jsin io^' ♦ 6^) ♦ 'In P'"' I n ^ ... » l " 6vU 
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a^' « - U At cot 6| (6) 

The last two equations are a result of the conetant velocity 
aod direction aetumptlon. All seven equations can be combined into a system 
of four equations In four unknowns by eliminatinK 6^ from the equations. The 
results are: 

Afj ■ rj(u. aj, 6|) 

Af^ " ^2 *2* *l* 
Afj* « FjCtt. aj, ftjl 

where the • > are different functions of the argument parameters. 

The unknowns are a^, and 6|. The measured quantities are ''|<^2** 

^'i* ^'i*' ^'2* ^'2** quantities known a priori are 

Dp O^* X|t X^i At, and c. The above set of simultaneous equations may 

be solved for the unknowns and the ground range from' the receiver to the 
target could be calculated by 

P = 



sin 0| 



Although this procedure yields four independent equations 
which may be solved for the target position, a slight reformulation of the 
problem can reduce the number of equations by two as described balow. 
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2, 2. Z (U> DoubU-Baieline. Onc*M<aturemcnt Model. 

The variables for the double-b*ieUne , one-me»«urement 
model are defined in Figure S. A» in the previous case, the transmitter* 
receiver distancct, and D^. and the Iransmtttcr wavelenfitht. )| and 

1 2* ar* assumed known a priori. The aximutht. ando^. and Doppler 

shifts, and are the only quantities requiring measurement. 

From another form of the Doppler equation. 
-1 



where ^ ' dp/dt and h « dn/dt 



so 



i 

Prom the law of cosines. 



nj = (p + Dj - 2pDj cos a^l 



(pl> • pD| cos if J * pDj t/| 8ini»|t 
(p ♦ Dj - 2pDj coft i/j t 



(8) 



where »| * dn^/dt 



Similarly 

(pp - pD- CCS ir_ ♦ pD, cV Bin o,> 



"2 ° ,2^-2 , ^ .1/2 

(p -f D2 - 2pD2, COB 



(0) 



Note that ^ ^2 ' ^* <iuantity a can be estimated using the previous 

aaimuth measurements as follows; 



f<»j(tt - CTj ft-at)l ♦ fw^ftl - »2 *t.At»] 



2At 
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rigure 5, (U) V«rUble» for DoubJe-Baicllne.One- 
Mcaturcment Model* (U) 
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2, 2. ? (U) --Conttnued. 

NowdellM hj, q^, r^. and follow*: 

r, « D, CO. o, 
• j s o aln tfj 

The quantities h^, q^. r^, and ar« ■Imllarly defined. Equations (6) 
and (9) can then be written ae 

p|> « p » p^^ 

— 



So Af^ can be written 



-1 . . ^^''^ 1 



1 - V, r \ 



Af, = — 1p* 

SlmlUrly 



p (p-r 1 ♦ p», 



^'2 



.1 [ '"P-^'* P'zl 



Solving for |>. 



p » . 



(10> 
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Z, 2. 2 (U) » -Continued. 

AUo, 



. (11) 



Equations (101 and (11) form a tyatem of two equations 
in two unknowns (p and p) that may be solved ut'tng standard iterative techniques. 
Note also that, for this formulation, the assumption of constant velocity and 
direction are not necessary. 

2, 2. 3 (U) Single Baseline Model. 

The final derivation to be considered is that involving the 
model using only one transmitter. The variables for the single baseline model 
are defined In Figure 6. As before, the transmitter-receiver distance, D. 
and the transmitter wavelength. V . are assumed known. The atimuths, a 
and o', and Doppler shifts ^f and Af are measured quantities where the 
primes signify measurement at some time ^t after the first (unprimed) 
measurements. The velocity. t>. of the vehicle is not known. 

From the Doppler equation, 

(i> *■ h) 
(p'* h') 
From the law of cosines. 

n ■ (p * D - 2pD OS o* 



(p p - p D cos n * pDo sin o) 
** ' 2 2 1/2 

(p* ^ - 2pD COB o> 
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Figure 6. (U) Variables (or Single UascHne Model. (U) 
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2, Z, 3 (U) -^Continued. 

Similarly, 



(p' b' - p' D cot o' » p' P ft' tin o') 

h* ■ =^ — r-^^ , rjz 

(p' ♦ D - 2p' D cot o ) 



In order to find a volution using only one baseline . two 
approximations have to be made 

(a) Is constant: I.e., p' « p and. furthermore, 
p p' - i> At 

(b) ir Is constant: I. e. , a' - a 

Over short time Intervale (small At) these assumptions are reasonable. The 
angular velocity it can be estimated as follows: 



At 



These approximations are strictly true If the target is flying on a radial path, 
toward or away from the ship. 

Combining the equations and approximations above gives 



where 



-Af X s -q = p ♦ b fp-r) ♦ ps 
h 



q s AfX 

r 8 D cos a 

e a D sin a 

h fi (p^ 4 - 2pD cos o>' * ^ 
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\ (Ul --Continued. 

Substituting p = p' - p At, iquarlng to eliminate ■quare rooti and algebraic 
manipulation or the results yields the cubic equation 



Ap^ + 3p^ - Cp + D s 0 (li) 



where 



A « 2At^ (q-s) 

B s At^ (q^-i^l ♦ At (4qr-4qp'J + 2sAt (Zp'-rl + - 

C * At (2q^r-2q^ p +2p s^ ♦ 2p*^ (q-s» ♦ 2p'r (s.2ql + 2qD^ 

D = p'^ (q^-i^ ♦ (D^-2pT» 

This cubic equation can be solv?d for p and the correct root chosen. Also 
note that p is still a function of the single unknown p*. 

In simitar fashion. 



or 



- Af> e -q'-p+ ^Y^' 

Where h', q*. r* and s' are defined s imilarly to h, q. r and s. 
Now 

.q* h' - p{h'-r'l = p' ♦ 



or 



^ P 

Kqualions (121 and (13) form a set of simultaneous equations In the two 
unknowns p' and |> which may be solved for the target position. 

Software simulations have been written to estimate the 
target location accuracy to be expected by qsing these techniques. The results 
of these simulations are discussed in the next section. 
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Section 3 

SIMULATION AND MODEL TESTING 



3. 1 (U) MODELS SrMUL.*.TED. 

The reivUt of «iinuUtion» of realistic trajectory estimation 
situations are detailed below for the double-baseline, one -measurement model 
and the single baseline model. The double-baseline, two-measurement model 
was not simulatea. 

3. 2 (Ul DOUnLE-BASEL,TNr:. ONE-MEASUREMENT MODHL . 

An algorithm was developed for solving sets of nonlinear 
• imultaneous equations such as equations (10) and (lU in Section 2. The 
algorithm U based on a standard iterative procedure for solving equations of 
the form p = f(p» (see, for example. Introductory Computer Methods and 
Numerical Analysis, by Ralph H. Pennington. The Mac Mil Ian Co. , 1<>6S). 
This procedure consists of estimating a solution p^ and using this estimate 

to get a new estimate Pj . where i»j = f(p^». A new estimate p^ ii obtained 

from p, e f(p J, and so en until Ip - p , | c. where c is aome small 

■^2 1 ^ n-i 

number. At this point the process is judged to have converged with a solution 

p s p . In practice, each succrasivc is transformed slightly so as to 
*^n « 

guarantee convergence. 

Graphically, this technique amounts to finding the intersection 
of the plots of yj = f(pl and y^ = p. The point of intersection is where the 

algorithm converges. In actual practice, there may be more than one inter- 
section. However, the correct root may be determined by examining the sign 
of f) and the trend of the previous values of p. 

3.2.1 (Ul The Simulation. 

The situation simulated is that of a ship in the Mediterrencan 
sea at 37**N. . 25*'e. and an aircraft at a range of 180 kilometers, due north, 
flying at 720 km/hour (about Mach 0, 66). Two cases are cfmsidered as shown 
in Figure 7. In the first case the aircraft is merely flying at a 30 angle by the 
ship, whereas in the second case it is on an-attack course, heading straight for 
the ship. In both cases, the speed and direction of the aircraft are constant. 
The transmitters are assumed to be located at Rhodes and Athens. 
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Figure 7. (Ul Geometry of Situation Being Simulated. (Ut 
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3. 2. 2 (Ul StmuUtton Resuha for DoubU BaacUne Model . 

The results of the two simulations are presented in Tables 
1 and 2. These tables give the actual and estimated range, p. and the actual 
and estimated derivative of range, p. at intervali of 60 seconds for the two 
cases. 



TABLE I. (U) ACTUAL AND ESTIMATED QUANTITIES FOR 
CASE 1. (U) 



Time 


"1 


*'2 


Range, p 


Estimated 


P 


Est imated 


(seconds) 


(degrees) 


(degrees) 


(km) 


(km) 


(km/sect 


(km/sec) 


0 


too. 9 


44. 6 


180.0 








60 


98. 9 


42 6 


169. 7 


1 70. 2 


.. 169 


171 


120 


96.6 


40. 3 


159.7 


160.? 


-. 165 


-. 166 


180 


94. 0 


37.7 


149. 9 


150.4 


-. 160 


-.161 


240 


91. 1 


34. 8 


140. 5 


141.0 


154 


-. 155 


300 


87.7 


31. 4 


Ml . S 


1 "^2. 1 


1 46 


1 47 


360 


83. 9 


37. 6 


123. 0 


123. 6 


.. 136 


-. 138 


420 


79. 5 


23. 2 


115.2 


115. 7 


-.125 


-.127 


480 


74.5 


18, 2 


108. ) 


108. 7 


-.111 


.112 


S4a 


68. 9 


12.6 


101.9 


102. S 


-, 014 


-. 096 


600 


62.6 


6.3 


96. 9 


97.4 


-.074 


..083 


660 


SS. 8 


-0. 5 


93 1 


92. 6 


-. 051 


025 


720 


48.4 


-7. 9 


90. 8 


'M. I 


-. 026 


-.0S6 


780 


40.8 


-15.5 


90. 0 


90. 0 


4-. 000 


-. COl 


840 


33. 2 


-23, 1 


90. 8 


'10. 5 


4.027 


4. 026 


000 


25.0 


-30. 4 


93, 2 


W2.5 


+ .052 


♦ . 052 


960 


19.0 


-37. 3 


97. 0 


96. 0 


+ .074 


4. 075 


1020 


12.8 


-43. 5 


102. 0 


100. 7 


4. 094 


4. 095 


1080 


7. 2 


-49. ! 


108. 2 


106. 7 


+ .111 


4.111 


1 140 


2. 2 


.54. 1 


1 15. 3 


1 13. 8 


+ .125 


4. 125 


1 200 


-2. 2 


-S8. S 


123. 2 


121.6 


+ , 1 37 


4. 136 


1260 


-6.0 


-62. 3 


131.7 


130. 2 


+ .146 


4. 146 


1320 


-9. 3 


-65.6 


140.7 


139. 3 


♦ . 154 


4. 153 


1380 


-12.2 


.68.6 


150. I 


148.9 


4. 160 


4.160 


1440 


-14. 8 


.71. 1 


160. 0 


158. 7 


♦ , 165 


4. 165 


1550 


-17.1 


-73.4 


170. 0 


169.0 


♦ . 170 


4. 169 
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TABLE 2. (U» ACTUAL AND ESTIMATED QUANTITIES FOR 
CASE 2. (Ul 











Eattmated 


P 


Estimated 


Time 




'*2 


Range, p 


• 

P 


(•econdtl 


(degrees) 


(degreett 


(km) 


(km) 


(km/tec^ 


(km/sec) 


u 


1 will. *f 


H*kt %> 


1 AO 0 








An 

O V 




44 6 


168. 0 


168. 0 


•U. 200 


.0.200 


1 9n 

i fcU 




44, 6 


I ^6. 0 


156. 0 


-0. 200 


.0. 200 


180 


100.9 


44.6 


144.0 


144.0 


.0. 200 


.0. 200 


240 


100.9 


44.6 


132.0 


132.0 


.0.200 


.0. 200 


300 


100.9 


44.6 


120.0 


120. 0 


-0. 200 


.0. 200 




1 00. 9 


44. 6 


108. 0 


108. 0 


.0. 200 


-0. 200 




1 no 


44 6 


•)6. 0 


96. 0 


-0. 200 


-0.200 


4 BO 


100.9 


44.6 


84.0 


P4.0 


.0.200 


.0. 200 


^ w 


1 00 9 


44. 6 


72. 0 


72.0 


.0. 200 


.0. 200 


600 


100.9 


44. 6 


60.0 


60.0 


-0. 200 


-0.201 


660 


100.9 


44. 6 


48. 0 


48.0 


.0.200 


-0. 201 


720 


100.9 


44. 6 


36.0 


36.0 


.0.200 


.0. 201 


780 


100. 9 


44. 6 


24. 0 


24.0 


-0. 200 


.0. 202 


840 


100.9 


44.6 


12.0 


12.0 


-0. 200 


.0. 202 


900 


100.0 


44.6 


0.0 


0.0 


.0. 200 


-0. 202 



3. 2. 2 (Ul --Continued. 

The most accurate results were obtained for case 2. the 
attack case. For case 1. the fly-by. errors in the range estimate are on the 
order of 0. 5 to 1, 0 kilometers. The reasons for these differences are 
discussed below. 

3.2.3 (U) Source 8 of Error . 

The sources of error include the linear estimate of rate 
of change of azimuth {!») and measurements of azimuth and Doppler frequency. 
Of these, the main source of error in determining the range is that due to 
b, given in Section 2. For example, in case I at 400 seconds the estimated 
value of a is 1.271 x 10-2 radians/second, while the actual value is 
1.300 X 10"^ radians/second. Using the estimated value of <*#. a solution of 
p s 118.28 km was obtained. Using the correct value of t>. however, yielded 
a solution p - 117.51km. The actual solution is p s 117.72 km. 
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3. 2. J (U» --Continued. 

For tome tituattons. & plot of y s f(P) thowt that it is 
very clcse to the function y^p for a wide ranfie of p. In thik »an^e, the ■mall 
error* in ffp) cauaed by the amaU errors in eatimatinft u produce drastic 
differences in where the two curvet intersect, and hence produce errors in 
the range estinrtate. Normally, however, the set of conditions that would 
produce this problem occurs only for targets outside the detection range and 
would not affect a practical trajectory determination scheme. 

It is now apparent why the trajectory estimation for case 2 
was more accurate than for case I; in case 2 the azimuth is constant, hence 
& 9 0 and errors due to estimating «» disappear. It follows that it is during 
the most critical situations that the greatest accuracy can be expected. 

3«2.4 (Ul Sensitivity to Measurement Frror > 

During the simulations discussed above. It was assumed that 
the azimuth and Doppler measurements were exact. During normal operation 
in a shipboard environment great accurarty is not possible. To test the 
sensitivity of the model to measurement errors, range estimates were obtained 
for various combinations of errors in measuring aximuih angles tr^, and Uy 

and Doppler shifts ^f^ and ^f^. The measurement errors and the corre- 
sponding range estimate are tabulated in Table ^. The estimates were made 
at time ~ 400 seconds in case I. 

The errors in measuring ^f| and Af^ have the least 

effect on the range estimate. The percentage error in the range estimate is 
about the same as the percentage error in these measurements. However, 
the errors in measuring aaimuth have much greater effect. Here the errors 
in the range estimates are considerable. This is mainly due to the azimuth 
errors yielding very intccurate ir estimates, which has the effect noted in 
the previous section. The subject of measurement error and error sensitivity 
needs further Investigation. 

2. * ' (U) Single Baseline Model. 

Simulations of the two cases described in 3. 2. I were also 
done using the single baseline model. The model failed to give good range 
estimates in nearly every situation. The probable reason for this is error 
introduced by the assumption of constant {> and o over the interval ^t. 
At the present time It is not clear whether or net the single baseline model 
is practical. However, further simulations using this technique will be 
investigated. 
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TABLE 3. (U) ESTIMATED RANGE VITH MEASUREMENT ERROR 

(CASE n. m 



Error in 
(deRrees) 


Error in 
(dexreett 


Error in 
(H«rtz1 


Error in 


Actual p 
(kml 


Estimated 
P 

(km) 



0.0 


0.0 


0. 0 


0.0 


117. 2 


' 1 H. ^ 


0.0 


0.0 


0.0 


0.2 


117. 2 


122. 2 


0.0 


0.0 


0. 0 


-0. 2 


117. 2 


I M. 7 


0.0 


0.0 


•0.2 


0.0 


117.2 


120. 2 


0.0 


0.0 


0.2 


0. 0 


117. 2 


116.6 


0.0 


0. 0 


-0.2 


0. Z 


117.2 


124. 1 


0.0 


0.0 


0.2 


-0.2 


117.2 


112.8 


^.o 


0.0 


0.0 


0.0 


117,2 


136.S 


•2.0 


0. 0 


0.0 


0.0 


117.2 


102. 3 


0.0 


-2.0 


0.0 


0.0 


It 7. 2 


106.2 


0.0 


2.0 


0.0 


0.0 


117.2 


131.9 


2.0 


-2.0 


0. 0 


0.0 


117.2 


122.6 


-2.0 


2.0 


0.0 • 


0.0 


117.2 


113.8 


2.0 


-2.0 


-0.2 


0.2 


117.2 


127.9 


•2.0 


2.0 


0.2 


-0.2 


117.2 


107.9 



NOTE: 

Eic»ct 4Fj s 82.49** 
Exact ' 26. 
Exact J =6.174 Hx 
Exact - 4.636 Hz 
Time = 400 aecondt 



3,2.6 (U> Summary and Concluslont . 

Tn summary, the double-baseline, one-measurement model 
yielded reasonably accurate trajectory estimates for two different simulations. 
The model was found to be more accurate when the arimuth was not changing 
(u = 0). It is much more sensitive to azimuth measurement error than it is 
to EXsppler-shift measurement error. Since azimuth measurement is likely 
to be a difficult task in a practical implementation of this technique, inveatifza- 
tlon of ways to minimize the effect of azimuth errors should be initiated. This 
model ohould be tested further to uncover any undetected difficulties. 
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3. 2. 6 (U) - -Continued, 

Ae the present time the • Ingle batettne model hat not been 
•hown to be festlble. The double -baeellne, two-measurement model haa not 
beer, tested. 
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Section 4 



lliCLISSiHc 



4. 1 



DETECTION SYSTEM 



GENERAL SYSTEM CONSIDERATIONS. 



The analyait and pimuUtiun rciults dUcusted in Sections t and 
J were developed with the implicit asatunnption that the hardware to proviile 
the ncceaaary aiimuth and Doppler meaaurementa could be made avaUablr. 
In fact, an HF prototype ayMem for tracking low-flying targeta at di>tancv» 
^yond radar line of sight can be built with available hardware. S'lw item of 
Createit concern in implementing auch a ayttem ia the difficulty of building 
An accurate shipboard HF direction finding ayatem. The following sub- 
jections describe the techni^uea and hardware that cuuld be tu«d to imple- 
ment the system. 



4. 2 



DOPPLER MEASUREMENT. 



Precise target Duppler meatumnents {within 0. 1 Hx) have long 
been made by both R&;D and operational over -the *horixon (OTH) radar sy«tem». 
A block diagram of a typical single channel r«rceiving and data processing 

system is illustrated in FiRurc 8. Ut^itatly tunrd» synthesizer controlled 
receivers are preferred fur their frequency stability. Ench receiver output 
would be digitally spectrum anntyaed with 0. 1 Hz rt*^ulutiun with approxi- 
mately a 50 Hs bandv.irith to cover tlic maximum rspcclcd target Doppler 
shift. The Doppler shift would be displayed on a hard copy fax in.thc stand- 
ard time-frequency-inlcn»ity format. The Dopplrr nhift as measured f^om 
the direct path carrier could be- scaled manually by the operator Or scaled 
digitally for direct computer input using a x-y digitising arm. 



4. i 



.(U) SHIPDORNE DF CONSIDERATIONS. 



Direction finding (DF) frorn a shipburne platform inv3lves 
many of the problems encountered by shore based DF systems such as 
dense signal environment, mullimode effects* and reradiation from nearby 
obatacles. It is also ccnstratned by the practical size of HF DF antenna 
arrays that can be employed. The signal environment varies according to 
radio frequency (RF) b^nd of operation and geographical location «>f the 
fl.ilform. For operations in the middle of th^ Atlantic and Pacific oceans 
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4, 3 (U) -- Cuntinued . 

a dense signal environment may not exiKt. Ilowrver. fur OK upcralion in 
the Mediterranean and near urban rcKi^^ns this problem area can become 
severe. Narrow bandwidth* (e. g. , 300-3000 iU) can be used on DK 
receivers to minimize this problem. In A*ldilion. atimuth and elevation 
discrimination can be employed in the antenna system design to extract the 
DF information from the signal of intcrct=t in a dense environment. 

The multimode effect can become a problem when a skywavc 
as well as surface wave of approxiniatrly equal amplitude impinges on the 
DK system. Because of the phase shift Jue tu the tliffcronce in path Icnulhs. 
reinforcement and cancellation of signals occur that will make DK measure- 
ments difficult for any HF UF array. I*.uau».tf the Kignal reflected from 
the target is expected to be princip.illy a *urtace wave, its greater amplitude 
will help to minim itc any multimode eff«»cls. 

The most severe problem uf *hi*>U*rne DF systems is that due 
to the reradiation of an incoming wave from tho various superstructure 
elements. Many solutions have been atliMuptod but most seem to be unsatis- 
factory because of the conhlraints and requirements placed on a shipborne 
DF system. These constraints are concerned with 

(a) the liize of the antenna array and 

(b) the location/ space for DF isystem components 

The sirr of the HK 1)K array is lunited bv the dimensions of the ship, 
Because the principal dimension {length) m *m the order of 400 feet (destroyer 
class ship) and much of this lenf;th is not .available for a DF system, a wide 
aperture HF DF antenna array (greater th.m 200 feet) is not generally 
feasible. The conventional wide -aperture antenna system has the dual advan- 
tage of achieving a high signal-lo-noijir ratio (fr«tm the gain of the antenna 
array) and high DF resolution (from the dfreclivity of the array). Such a 
system ha!i,the additional advantage that a eertain amount of reradiation 
rejection is possible from the directivity of the array. The size constraint 
of shipborne arrays prevents these advantages from being realized. One 
alternative is to employ a narrow aperture system. For this approach, 
which is very susceptible to reradiation effects, a location on the top of a 
mast away from superstructure elements is required. However, the 
premium for mkst and topside space make this alternative infeasible in 
most cases. 
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4.3 im --Continued . 

The requirementa thai muit be met for shipborne HF OF systems 
vary according to application but generally may be stated as shown in Table 4. 
Many of the existing and proposed systems meet the majority of these require- 
ments. The principal requirements that are difficult to completely satisfy 
are the DF accuracy and the aseimuth and elevation coverages. This is i!uc to 
the reradiation effects that cause DF errors as described above for both 
amplitude and phase comparison systems. 

To date only two approaches appear promising for satisfying the 
shipborne DF requirements. These are: 

(a) the multiple. baseline/pattcrn-rccocnitton (MB/l*Ri 
system and 

<b) the switched linear array Doppler (SIAD* direction 
finding system. 

The characteristics of these two systems and their applicability to the early 
warning {EWt problem are described below. The references in footnotes 1 
and 2 below contain more detailed descriptions of the systems. 

4^ 3. I (Ul Multiple Baseline/ Pattern Kecopnition System . 

The multiple baseline/pattern recognition |MB/PR» system was 
initially suggested by D. Marx at Naval Electronic Laboratory Center (NELC< 
and employs an array ot antenna elements distributed around the ship. The 
phase difference belveen pairs of elements is measured to form an input or 
signal vector. This vector is compared against a calibration matrix to de- 
termine the direction of arrival of the incoming signal. Xtortel measurements 
were made by NELC for an HF system consisting of 15 antenna elements. 
These measurements have been analyzed^using the MB/ PR approach. The 
results indicate that, for low angle (85. 5 from zenithi signals, root-mean- 
square (RMS) accuracies of belter than J. J° are obtainable. For skywave 
signals unacceptable accuracies (greater than 10 » resulted. For the surface- 
wave mode, for which the polarization is essentially vertical, the RMS accu- 
racy improves to 1.8® (or less). For low-flying target detection applications 



1 K. E. Spencer, S.N. Watklns, .T. Greisser, A Study of the Sw itched 
Linear Array I^oppler Direction- Finding System, SES- WD M 1 3 72 , 
November 1970. (I NCI^SSIFIED publication!. 

2 C. Cornwell. Shipboard HF OF Final Repor t. SES-WD C-Q42, 
.Tanuary 1971. (UNCLASSIFIED publicationT. 

3 NELC Technical Document No. 72. 
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T*ble 4. (U) GENERAL REQUIREMENTS FOR A SHIPBORNE 

HF DF SYSTEM. (Ul 



Parameter 


Specification 


Maximum dimension 


ISO feet 


System location 


on deck 


DF accuracy 


4 degrees RMS or hotter 


System sensitivity 


8*10 HV/m 


Azimuth coverage 


360O 


Elevation coverage 


70^ (above horizon) 


Dependence on signal 
characteristics 


independent of modular- 
tion and multiple signals 
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4. 3. I (U) ** Continued . 

where the primary propagation mode ia a aurface wave the MB /PR approach 
appears to be promiiing in terms of satisfying the DF accuracy requirement 
and overcoming the re radiation problem aboard ships. 



4. 5. 2 (U) Switched Linear Array Peppier (SLAP) Direction 

Finding System. 

The switched linear array Ooppler (SLAD) direction finding 
system is a method of determining the direction of arrival of a signal by 
processing the outputs of two simulated orthogonal moving antennas and a 
reference antenna. The simulated movement in each direction it accomplished 
by rapid switching between elements of a linear array. The aximuthal and 
elevation anglei of arrival can be determined from the Doppler frequencies 
measured along the two orthogonal axes. This approach provides a method 
of overcoming the reradiation problems aboard ships as well as providing 
elevation angle*of>arrival information. A worst-caie analysis of the DF 
accuracy was ie by Spencer, Watkins and Creiser^ by considering the 
reradiation due a resonant mast. The aximuthal angle errors were deter- 
mined to be 16. 3 degrees RMS at 4 MHs and 4. 3 degrees RMS at 8 MHz fcr 
a CW signal. 

To employ this approach for a target Doppler signal (i.e. » a 
signal source whose frequency changes with time) the frequency of the target 
signal at the times the Doppler measurements are made mait be separately 
obtained (e.g. , from the reference antenna). These measurements then can 
be processed in & manner similar to that for a CW source. 



4.4 (U) COMPARISON OF MB/PR AND SLAD SYSTEMS . 

The MD/PR technique has the potential to provide much better 
DF accuracy than the SLAO approach for surface wave 4. However, the MB/ 
PR method dees not perform wzil against skywave si^-ials and does not pro- 
vide elevation angle -of -arrival information. The storage requirements 
of MB/ PR processing are more severe than the SLAD technique because 
of the sise of the calibration matrix. In contrast, the SLAD approach 
provides the capability to use skywave information and does determine ele-. 
vation angle of arrival. However* because of its comparatively poor DF 
accuracy it does not meet the general DF requirements. 
I 

4 Op. cit. 
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4.4 (U) Continmed . 

Botk approaches ahould be inveatigaced in more detail before 
one method ia iclected over the other for a apeciftc application. The MB/ 
PR technique it expected to be teated uaing data from an experimental 
»hipborne OF antenna array. A demonttralion of thia technique ia expected 
to occur sooner than one for the SLAO technique. 
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SECTION » 
^^^I NTROnVC riON (C) 



iCUSSIFlEO 



Proj-it AQUARIUS i» a pari of the ARPA »pun»ored uccan 
surveillance program under Hruject MAY BELL. The primary guaU 
Project AQUARIUS are to experimenlall; dcnonsiraie the fca.ibilil/ 
v( delectinn uoth »ui,marinc launched ballistic missile* and low-llyin^ 
aircraft and to co.npare the experi.nenlally unserved dciecl.on ran.es to 
ihcoreiically predicted detection ranges. The c>.peri.>iental set-up 
consists of usinn a bist.lic HF continuous wave radar with low power 
ocean ba.ed buo> transn.itter s and hi^:h sensitivity. receivers located on 
the coast. A detection is n.ade by ot'servin^; the doppler shifted signal 
that is scattered from n.ovin^. lar»;ets. In this particular experiment 
the target is illuminated b, lincof-si^rhi or ground wave eners» from 
the trans...itter. The scattered doppler shifted lar.et return is received 
by an ionospneric sky-wave as illustrated in ri«ure i. 

Tnere has been a continuing requirement for this type of lon^ 
ranee detection of small Urjiels since a Cuoan pil.>l flying a WIG 
penetrated ti e U. S. radar network and was first spotted by the air 
conlrollcr at the Miairi airport. 

The experimental results of the cuntrulled aircraii te.ts have 
been fairly encoura.in.. and indicate that iunu ran^e aircraft detection is 
possible usin, this low power oistatic radar concept. There appears to 
oe a fair agreement between the predicted detection regions and tne regions 
for which tne'aircraft has been detected. Durin. a total of three controlled 
aircraft tests, four detections have been n,ade. two o£ which are detections 
of the controlled aircraft. However, durin. one period, that of l6 December, 
the detected aircraft does not appear to correspond in tin.e or location wUh 
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■0^ 



Continued. 



that yjk lliu cuntri.>llcd aircraft. It ib surr.ii^ird thc^c 
dctcctiuiis were of an aircraft Hviti^ nc?.r the receiver rather thai. 

lranj»tniltcr . 



1.1 (Axi^ 



Krpor. Ort.a ni 7.iti ot^ , 



In Section 2 of l.'iiji report the J^j»ic technique and tlic hardware 
i^cint: cr.ipl«r. cd f.>r these tet»t6 are debcriucu. i"nc oafcjr geaineiry, 
tran3!i:itter and receiver confij:urati»*n, caliuratiuii tc< hniqueb. prapaujlion 
calculations, and a dc*trij>tiun uf the prwpa^;ali«^n proj;rani are ^:iven in 
Ihib bCLtiun. Sectii»r. \ cuntain* the dcbCiiplion uf tiic detection prediction 
of Poibcdon laut>cluni.'b from Cape Kencnd* usinj; trtc huoys located 
approximately 100, 290 and 300 kin fron» the lann^-h area. Tur that 
particular ^eo.netry and ti;e ran^'*s involved, it is ohserved ti.at inc 
probabilil* of dctcctinc ar SLRM ib virtuall .ic^*h^;i-'le until t!»c tar.:eT 
rises into the ionosphere and acquires a buhbtaniialK enhanced cross 
s'^ct.on. Section 4 contains a description of tiic controlled aircr£:ft tc;>ts. 
fliiilit plans iind tlie detection ouservatii ns made. Albi>, in this bection is 
a tai>i)lalion of predicted and i>iJbcrvcd carrier btreniitlis and noise levels, 
riic pnrjxjse t)X these comparisons is to o;i>ervc witi) wiiat r rlia Lilit tiie^e 
paramtterb can iie pri-diclcd with the o:jjcct of aicuralelt [jreuictinj: b» biei;i 
pcrliirir.ance. finally, Section 5 contains a su»n.;.ary of Hie pro ilenis 
and the liabic results oiitained to date. 
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^iEfT EOLIPMEN r AND 1 fclCHNIQUES (D Uli ULMuUiriLl 



Due lu tlic ndlure and iKe lure iratnv oi ihi» |*ru.ici.., all »t>c 
daU ciilloction hardware hai» o-vr. oljlainvd i»y u*mc c«iu»|Jin«:iU drvcluptyl 
l»y ullicr Prujcct MAY UETLL p-rliripanl» .ir tr. ii.<»inn h^rdwan- cicvclup^d 
lor wlhcr prv»»:rfctns. holh the »JUoy and llic CVV iianj»i;»iUcr » at Carter Cay 
used in lhe*e tests, arc atsu uted fwr the >;roundwave mcahurvi.jcnt* whUn 
Raytheon U conduciinc Hie receiviin: »ysiein n» uelunirs. lu ifu* LSASA 
field staiiun li^catfU at Vir.i lUU Karini Staiicn, Va. and cun*i«tj. of a 
linear di>i>oscd ;.i;tc-i>i*a array and »uilti-r>.anni-l \\F receiving at.d recording 
<*qui|Muent* 



2. 1 (^)>gf" 



Ti ansinillcr Cha r.tc Icf i ntic s. 



Two dificrenl types of transmitters have been used ir. liie t.:pi»riMieijt 
tj date. Tlwse tests conducted priur to December u»ed a uuv^y t»;oimied 
transinitter of approxiniaiely 10 watts rariiatin»; al 5.6 and H,Zbi MHa, 
rur antenna on th.* iju'.)y consists uf a tcp-lcaded vertical niunupole cut 
u,r a nuarUT wav(j Icncth al 7. 5 MHz. Thih l*uoy was ancmired uli the 
co-isi of KJoi ida approxiniateiv 120 kilojxeters d.mn ranci' -.nd al an azmiul;. 
til 113 dci;recs from Cape Kennedy. The icsts cmdjcled in January and 
Fe:>-uar. have used t::c CW lran!>t:ntter k on Carter Cav. The power 
these CW transmissions ha« ranccd fron; IC^ walls up lo 2. kilowatts 
dependinu upon time and Ihe particular transmitter in use. All of l^-.ese 
transmisaiuns radiate inlo qjarler wave vertical munopoles cut for the 
frtfquer.Ly in use. 
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iVo separate receiving sy^lcns have been used al Ihe receiver 
sile locaiod al Vim Mill Farms Station. One receivinn sy.tem i* a^van 
.nounieri l ipb dynaniic r-n^e digital pruccssing syBteu. containing 
svr.ihr.i = cr cor.trvUed rvr-iver»> (Sylvania K-27A recciverB|;dii:ilal spectrum 
analysi^ = • usinu a CDC 1700 general purpose con,puler and both analog and 
d^Mial l^CNt recording capability. The second receiver system is lu.ated 
xn^two l.ack.io-l,ack house trailers, and consists of a DF set connected to 
an LDAA siccrable beam antenna and 12 analoj; receiving channels usin^ 
U3^0A rti-eiverb. The H390A receivers connect to both a real li.ne 
anal., spectral display and a U channel analog tape recorder. The block 
diaj;ra.ns of the:^ two receiving systems are shown in Figures 2 and 3. 



') Rccoivcr Sv^ieiii C»libraiion. 



One of the ...ore i.npurunl KO.li ot ll.i. project I. to be .14c to 
predict the detertion perfor....nce uf th* buoy ..ctic.l early warning sy.ten,. 
Thus, it is dr.ired t« c«n,parc predicted signaJ and noi.e values to actual 
,„..asurcd data. Then, if there exist .i.nificant disc repanc ie- between the 
actual a..d «:..er^ed data, the predictim. ...u»t be modified to correct 
I J: is difference. 

Tho standard calibrations that are performed on the lyttem are to 
mea.ure the received carrier stren.ti, and also the received noi.e p>«v.r 
referenced to a 1 Hertz handwidlh. The process of ...easurins the received 
carrier strength is a simple procedure of comparing the receiver IF output 
signal level when it i. connected to the antenna, to the IF outp it level «h.n . 
,he receiver is connected to a synthesizer having the ..me HF frequency 
the carrier signal being mea.;ured. The average IF output level for that 



Z Digital Spectrum Analysis not available after January. 1970 due to 
termination of the computer lea.e. 
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particular carrier signal is noted. Then the synthcsiicr at the same 
frequency is input to the antenna leriuinals and the output amplitude 
adjusted until the receiver IF output si|;nal strength is the same. The 
synthesizer signal level is then measured, and converted to db with resfecl 
to a watt. ThuR this signal substitution mslhod uives the received carrier 
strength in db%v and is measured within the narrow IF receiver bandwidth. 

The dctcrmin;.:ion of the noise level ai frequencies near the carrier 
is done by AM modulating the on-air carrier signal with an audio frequency 
square wave usini; a very small percentage modulation. The amplitude 
of these modulation tones is observed at the output of the real lime spectrum 
analysis display. The modulation percentage is reduced until the 
modulation tones disappear into the background noise of the display. 
Since the modulation percentage is easily converted to signal level in db 
below the carrier and the spectrum analysis bandwidth is 1 Hi, then the 
relative carrier-to-noisc power is directly obtained referenced to a 1 Hz band- 
width. Thus, if the calibration tone disappears into the noise at a level 
of 64 db below the carrier, it is assumed that the noise value is aUo 6-1 db 
below the carrier value. This carricr-lo-noisc ratio is then added to the 
received carrier strength to obtain the measured noise power in dbw per Hz. 



.4 ^^"^ Propacation Prediction. 



The propagation prediction program used lo estimate the system 
performance basically combines a modified version of the ITSA/ESSA HF 
propagation prediction program for mode and mode amplitude prediction; 
the bistatic radar range equation to predict the received scatter path power; 
and an ITSA/ESSA noise prediction program 10 estimate atmospheric, man 
made, and galactic noise at the receiver site. 
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The prediction program packft|;c consists of individual computer 
prot;raius that (a) compute a larpc* irajccloiy.ib) predict propagation mode 
structure and mode amplitude; and (c) predict ihc Dopplcr and missile 
cross-section. 

rhp trajrrtory isitniilation. program estimates the mibsilc or 
aircraft trajectory based upon fittint; the flinhi profile to a functional form 
usinn a least- squares fit technique. The required inputs to generate the 
model profile arc liftoff and burnout limes, launch azimuth, apogee, and 
range. The program then computes altitude, range, latitude, longitude, 
velocity, the speed of sound, Mach number, Mach angle, local target 
bearings, local urgec elevation angles, and acceleration. The computed 
parameters serve as inputs to tJie propagation prediction program to 
determine mode structures with a time varying terminal point oii the 
trajectory. 

•The ITSA/ESSA propagation prediction program has been modi£i<"i 
to allow for non-congruent hop structures and for propagation to and 
reflection fron) a point above the earth. The program predicts iho mode 
Aructuri'S that meet ionospheric propagation conditions on each of the 
three paths: the direct path, the transmitter-target hall path, and target- 
receiver )»alf path. In addition, the propagation losses and antenna gains 
for each mode are determined. For each mode predicted on the transmitler- 
n)i8siU' half path, an "incident" (at the target) elevation angle, measured 
from the local horizon, is found. For eacn mode predicted on the target- 
receiver half path, the "scattered" elevation angle is also found. These 
parameters are then used with a modeled profile lo predict Dopplcr 
f req uencies. 
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Propagation prcdiciions arc based on empirically derived 
world-wide numerical maps of verlical ionosundc data. The results arc 
monthly ionospheric coefficients which can be used with the parabolic 
layer assumption (parabolic electron density variations in the E and F layers) 
to predict monthly average ionospheric conditions affecting a specific ray 
path at any hour of the day. 

In the prediction iDodcl, all line of &ighX, E and F propa^aiing 
modes are rictcriDincd between the transmitter and the target) between the 
rttcciver and the target, and between the transmitter and the receiver. The 
dcternunation of these "half paths" is a generalization of the ground-to- 
ground prediction technique to include the case of ground-to-elevation-point 
predictions. 

After the mode structures in«l meet the ionospheric conditions £irc 
identified, (those between horizontal screening and ionospheric penetration) 
propagation losses and antenna gains are determined. The iosscs calculated 
arc free space loss (inverse square law), D-laycr absorption loss, and ground 
reflection loss. The KBS empirical adjustment factor is included on the 
direct-path prcdiciions to account for non-calculated losses. This factor 
is statistical and varies with season, path length, and earth location of 
the path. No similar adjustment factor is used or kr.own for the half paths. 
The antenna types are specified for the system and the appropriate gain 
routines or gain tables are used. 

The target scattering model for missile targets above 100 km is 
a hyperboloid compressed-ambient ionization in the exhaust-plume bow 
shock wave. The shock-wave scattering surface is considered hyperboloidal 
from photographic observations which have shown that the shock-wave surface 
could be described by a second order function and that the shock-wave 
surface should be asymptoiic to the Mach cone 
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The direction of the rays for the transmillcr-nussile and receiver- 
missile propagation paths u.iiqucly define a plane tangent to the hype.-brloidal 
surface wr.ich has the proper orientation for a reflection, provided Jhe 
incident ray encounters a high enough electron density for reflection, ^ 

Since Utile definitive work has been done to accurately mode! 
missile cross sections below 100 kjn or aircraft cross sections at HF, a 
constant (adjusta'jle) cros» section is used for aircraft and missile urgcts 
below 100 km. 

The antenna gain patterns for both the monopolc transmitter 
antennas and the LDAA receiving; antenna arc f^art of the program. The 
gain pattern for the LDAA was obtained from data supplied by ITT by using 
azimuth patterns predicted by the array factor technique for 16 monopole 
dements and the elevation patterns from scaled model measurements. 



• 11- 



SECTION 3. 
PREDICTED SYSTEM PERFORMANCE (L) 



in 9 



Propafiation r.alculuUons to predict system performance using * 
modified version of Ihc ESSA skywave propagation program described in 
ihe previous section have been made for both the direct and the sraiier- 
paths between the receiver site al VHFS. and the buoy transmitters off 
the Florida coast. The purpose of these calculations was to estimate the 
feasibility of detecting SLDM missile launchings from Cape Kennedy and 
controlled aircraft targets using the geometry previously established of 
buoys at ranges of 100. 200 and 300 km f/om Cape Kennedy, 



3. 1 (^)y(( Missile Detection Pcrfo 



rmance* 




11 



Several sets ol calculations using the computer predictions were 
performed. The receiving antenna at Vint Hill Farms Station used for all 
tests is a tulip clement LDAA built by ITT with an assumed maximun. gain 
of 16 dbi. A constant scattering cross section of 100 m^ was assumed for 
the missile al all altitudes below 100 km. At altitudes above 100 ki.i the 
bistalic cross section was modelled using a hyperboloid compressed a.nbient 
shock surface. The assumed cross section then changes from IO"m at low 
altitude to values of 10** to lO^iJ above 100 kii.. The three buoy iransn.iiter 
locations arc at 100. 200 and 300 km directly down range from the 105*^ 
Cape Kennedy launch aiimuth. The Carter Cay transmitters arc approximately 
2b5 km down- range al a U3» azimuth from Cape Kennedy. The transmitted 
frequencies for the buoys were the presently assigned values of ».B and 
9.295 MHz. These frequencies, plus frequencies of 15 and 20 MHz were 
assumed for the Carter Cay tran.mUlcrs. Th.. buoy., were assumed to have 



-12* 



• - Conlinucd. 



. . ,s^.,.r.^ cf 10^ watts r£diali!:t: from monopnlp nntmnas. 

SiMiiUrly, llu- Carter Cay iransniillcrb wrre assunu'd to be radialinf; i> k\v 
into monopole antennas. 

Tables 1 th^ou^;l^ 5 sun^niarizc llu? results of the propagation ^ 
calculations, fables 1 through 4 show tariiet siunamrc-io-noisc.ratio and 
tarrier-lo-bif;na\urc ratio, because of the low power anii rclaiivdy Iww 
fri'qucncy iroi:i the buoy transmitters, the siunal-io-noisc ratio is almost 
always ne,:li^:ibl.- below 100 km for any time o.' the day for viihcr frcq-.icncy. 
Only above 100 km with the enhanced tared cross section dues there appear 
to be any substantial chance of delcciior. usini-, the buoy transnnUcrs. 
However, with the Carter Cay transmitter usini: 3 kw and transnnltin^: on 
irt.qucncics near the MLF as shown in Table 5 the i>i^nature-to.noise ratio 
and thus the probability of detection at even low altitudes is quite subsUniial. 
In fact, there arc many cases for which the sij:nal -lo-noisc ratio exceeds 
15 db. Thus, if the hinh power Carter Cay transmitters continue to operate 
at.d iransmii on frequencies near the 1 F hop MLT between Carter and VHFS 
then low altitucic SLDM detections in the afternoon should be possible. 



Aircraft Pete 



ction A rt as. 



Even thoej:h the probability of delcclin SLi'.M launchinL-* from 
Cape Kennedy is quite low (due to the relatively lon^ ran.;-c fro.n the buoy 
lo the taruet) it is important to determine whether or not aircraft flyini; 
controlled patterns near the buoys and Carter Cay can be detected. A wav 
lo evaluate this and to clearly display the results is to compute expected 
ckiection regions around the transmitter position. Variables that must be 
considered when calculatinn dctcclability re^;ions are bistatic Bcomctry. 
frequency, transmitter power, target cross section, skywave hop structure, 
sea state, local time of day and noise level. Hy choosing median values for 
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Tab)*- 1. 

»U) Hrcdictcd System Pcriomiancc for November, 1969 
lor Buoy 1 at 100 km Range from Cape Kennedy (L) 
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Table 2. 



(V) Prcdicicd Syslcn Performance for Novciubcr, 1969 
for Haoy 2 at 200 kin Uani:i! from Cape Kennedy (U) 
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I'abic 3. 



(L') PreditlcU Synlfin Perfurinantc fur NovcinbtT, i9o** 
for liiioy 3 at 300 km Range from Cpu Kennedy (U) 
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S/N = Tarj»ct Si^nal-to-Noisc Kalio (db) 
PC/SD « C.arri«r-to-Targcl Signal Ratio (tib) 
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Table 4. 

(U) Predicted System Pcr£urn>oniu for November, 1969. 
for CAUTEU CAY Transmitters (U) ^ 
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l AHLE 5. 

{V) I'r edict vd Sy»tciii Hcrrnrniancc for Novcnibcr, 190V 
for Carter Cay Transmitter Usini* Frequencies near the MUF. (U) 
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Continued. 




.11 .he variables .rd changin. Iho values o£ a s.nglc variable al a t.me, 
region, where detections are most likely to occur can be generated, as well 
„ obtaining an undersunding o. how a particular variable .Hect. the overall 
detection area. 

Deteaability r.Rion. havb been calculated .or var.ous irequencie.. 
hop .truc.ure. and noise level. »«ng a buoy located U-) kn. Iron, Cape 
Kennedy a. the transmitter and VUFS. Va. the receiver. A sea stale ot 
5. transmitter power of 50 watts, groandwav. propagation irom transnutter 
,o tar.e. and skywave propagation from ta.get to receiver and a required 
signal to noise ratio of S db have been assumed. 

The following technique is applied to find the area of deteetabilityi 
From the radar range equation 



4 nc 



where 



'DT 



K 
O 



s lotal loss 

= spreading loss from transmitter to target (db) 

= Rprcadinu lo»6 from target to receiver (db) 

s gain of the transmitter antenna (dbi) 

B uain of the receiver antenna (dbi) 

3 cross section of target in m 

c w*vc length 



G^. and 10 log ^ 



ILSL arc known and L_ is calculated by assuming a 



value for atmospheric noise, adding to it the transmitter power and the 
required 3 db signal-to-noise ratio. Substituting the calculated value for 
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L^^ into the equation. L^.^ + l-^j^ is calculated. By takine the total spreadinfi 
loss, subtracting the loss contributed by the D layer loss and skywavc 
propagation loss Xrom target to receiver, a value for the spreading loss in 
Ihe lirgel-transmillcr leg is obtained. This loss is the propagation loss 
incurred by a proundwavc and can be converted to the range required tor 
this loss to occur using Barrick's^ groundwavc transmission loss Ubles. 
This technique was used to calculate the detection area around the transnniltcr 
for various frequencies and atmospheric noise conditions. The results of 
the detection area calculations are tabulated in Table 6 and a vertical 
projection of some of the regions onto the ground is shown in Figure 4. 
The reason for the cgg-like shape is that the area boundary is the locus of 
points such that the product R^R^ " ^'^"^^ constant. 

R.-ferring to Figure 4 we see that the largest area of detection is 
for 2F hop cases for both 5. 8 and 9.259 MHz. as compared to the IE nop 
situation. This is because there is substantially less D-laycr loss for 
the 2F hop mode than the IE hop mode due primarily to the different path 
lengths in the D-resion itself. With higher modes the incident angle through 
the D-layer is hifiher. thus the loss on these paths due to Delayer absorption 
is smaller. For the 2F hop modes the region at 5. » MHz is larper than 
the region at 9.259 MHz. This is due to the fact that the loss on the Rl 
path is smaller at loxver frequencies because the spreading loss is dirccUy 
proportional to the wavelength and as one would expect the larger region 
for detection exists for the lower frequency. However, on the IE modes 
we find the situation is reversed, the higher frequency is also the larger 
area of detection. This is because the D-layer loss on the 5.8 MHz 
frequency is substantially more than the D-layer loss at 9.259 MHz and this 
overcomes il»e groundwave propagation advantage at the lower frequency. 
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Figure 4. (U) Sample Detection Regionb (U), 
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Table 6. 

(U) Summary of Detection Region Calculations (U) 
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B s Best noise case 0800-1200 Local Time 
M = Medium noise case 1600-1200 Local Time 
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From Tabic 6 we «ee Aat the dcteclability radii (Rj) tend lo 
increase with increasing transntiitled frequency. However, once the 
frequency increases to approximately 15 MH». the spreading losses cancc? 
the effect of decreasing D-layer loss and decreasing atmospheric nois^^so 
that the growth of the dctcctahility region virtually stops. Note that the 
detectable radii are approximately the same for 15 and 20 MHz. It is 
also observed that varying transmitter power and transmitter or receiver 
antenna gains have the same effect on the size of the deiecubility regions. 
That is a db of gain or loss whether generated from varying transmitter 
power or antenna gain enters the radar range equation in the same way. 





SECnON 4, 
) DATA ANALYSIS (U) 



mmB 



In lhi» Beclion. two events involving a conUoUed aircr-tt flighf. 
Of a Na%7 P3B aircraU and two propagation measurements betwecr.MIaricr 
Cay and VHFS arc presented with their specific gcomelry. precicica and 
measured results and conclusions derived from the results. These 
operations are summari^d in Table 7 and a map of the network geometry 
is shown in Figure 5. 



4.1 ij'U^ 



Event 1. 



Event 1 on IB Decemb%r. 1969. involved a Navy P3B aircraft 
flying at an altitude between 300 to 600 feet, speed between 200 and 400 
knots and used the buoy transmitter located 120 km from Cape Kennedy on 
an azimuth of m\ The flight path of the craft, along with time (GMT) 
is shown in Figure 6. The receiver location for this event, as with all 
Aquarius events, was VHFS, Virginia. The two buoy frequencies of 5. 8 
and 9.259 MH* were monitored by the receiver. A signature detection was 
made on 5.8 MH* between 1750-17552 and 20002-2005Z. The propagation 
conditions are summarized below: " 



Table 7 (U) 
Event I Summary (U) 



Frequency 

(MHzl 



Carrier 
Level (dbw] 



Noipe 
Level (dbw 



Calculated 
Transmitter Detection Hop 
Power (W) Radii <km) Structure 
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Table 8. 
(U) Summary of Operations (U) 



MEASUREMENT OR 
FREQUENCIES DETECTION TIMES 
EVENT DATE TY PE (MHz? (GMT) 

1 18 Dec 69 AC 5. tf 1750-1755 

2000-2005 

AC 9.259 ND 

AC JO. 167 ND 

2 27 Jan 70 AC 15. 595 1656 

3 27 Jan 70 AC 10. 167 1712 

4 5 Feb 70 HB 20.250 ^1500 

HB 10,167 ^1500 

HB 10. 167 ^100 

HB 20.250 ^2100 

5 10 Feb 70 HB 9.259 ^1430 

HB 5.8 ^1430 



AC - Aircraft 
ND - Not Detected 
HD - Hearability 
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11 IS fell lhal the detected sinnature is not the Na%'y P313 aircraft used in 
this lest but on aircraft Hyinc near the receiver at VIIKS. The predicted 
dcieclability rcpion (or th»* day extends at best to only II km. The P3B 
aircraft approaches the b-3v * iihin only 30 lun. The period of Ih^ 
first Dopplcr signatures si.r cnante occurs 5.2 minutes latcr-ithan 
predicted closest appro^tcK ..r.d the period A Uic »cLunu DoHpier signature 
sign change occurs 2.« minute* earlier than predicted closest approach. 
The Dopplcr signatures obtained shown in Figures 7 and 8 were of the 
proper frequency for an aircraft but were much stronger than could be 
expected from a 10 xvatt transmitter. Thus, due to inconsistanl timing, 
distances of aircraft from the transmitter, strenpth of detected signatures, 
and the low power of the transmitters, it is concluded that signature 
detected was not the P3B aircraft used in the experiment but rather another 
plane flying over the receiving antenna. 



Events ?. and 3. 



Events 2 and 3 on January 27, 1970 involved an aircraft iP3B) 

climbing; to an initial altitude of 24, 000 feet and spiralling down to 2000 feet 
while holding a precise test pittcrn and maintaininK ground spec, octwccn 
200-300 knots. The aircraft flew the pattern described by Figure 10, 
Initially approaching the Carter Cay area on its way from CP 03 to CP C8. 
the aircraft proceeded to fly the pattern C8 to C7 to C6 to Carter Cay to 
D4 to D5 to Carter Cay lo C5 and repealing for altitudes of 24. 000. 14, 000. 
12, 000 and 2000 feet. The transmitters were again located on Carter Cay. 
' The frequencies monitored by the receiver at Vint Hill Farms Station were 
10. 167 and 15. 598 MH*. Detection was made at 1712Z on 10. 167 MHz and 
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at 16. 595 MH2 as shown on KiRurc 9. The propagation conditions lor 
these events are summarired below: 



Table 9. (U) 
Event 2 and 3 Summary 
Noise 



Frequency Carrier 
(MHz) Level (dbw) Level (dbwj 



Tx Power Detection 
^w) Time (Z) 



10.167 
15. 595 



• 112 
NA 



NA 
.145 



3000 
3000 



1712 
1656 



The signatures detected on this event represent the scattered and doppler 
Shifted energy from the target aircraft durii.g the time of close approach to 
Carter Cay. However, accurate doppler predictions have not yet been 
made due to the inexact knowledge of the flight path and the fact that the 
detections appear to be made during the end of the turning maneuver over 
Carter. Th-* present doppler modelling for aircraft is being modified to 
handle out of plane maneuvers and from this improved model, accurate 
doppler matches will be possible. 

We observe from Figure 10 that the detections for botl. passes on 
Carter were slightly late with respect to the time that the aircraft indicate, 
it was directly over the transmitter. There is a good posbibiliiy that the 
aircraft flew exactly over the transmitUng amenna and thus was in the 
vertical pattern antenna nuU. Being in the null of the antenna explains the 
loss of signature for Umcs over the transmitter. The signatures are 
detected at. the completions of the turning n-aneuvers over Carter Cay. 
' Signatures f^r both detected pass<^s of the aircraft are almost identical 
in both timing and frequency. Thus, the frequency excursion, time 
correlaaon. nearness of the aircraft to the transmitter, radiated power from 
th.e Carter Cay transmitters, and the weak signature strength make the 
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be detected u.ing thi. buoy concept ii suflicient power tr.n.mU ea (3 

r 

in this case). 



4. ^ f'^^ Event '\. • 

Event 4 w.. . hearability ...t, performed o. S February at 1600 
.„d .000 hour, local. n>e..uring tW. propagation ch.r.ct.rl.,.c. frcn, Carter 
C, Uana^Uter. to the Vint HUl Tarn,. Station receiver. Tb. purpo.e of 
tt.e bearability tea. wa. to determine bow accurately pre.ent pr.d.ction 

for varlou. frequence.. Te.t. v,.r. pe that for an 

.ndlO.ZSOMHzandattwoUme.dunngtheday. It wa. louno 

.!led IE bop atructure at 10. ... MHa and an ...u..d IF bop ..ructu„ 
.t 20.2S0 MHZ good agreement between predicted and observed carr.er 

'eveUwa. Obtained. However, tbe noi.e prediction on.t.tent ly 

.ban n,.a.-red v.lu bown in Table .0. Tb. difference between 

the predicted and observed noi.e level, i. typically due to .o-cbannel 
interference which i. .igniUcantly higher than ..mo.ph.ric no.... 

Table 10 (U) 

comparison of Predicted .nd Ob.erved Carrier - 



Date/Time 

Feb 1600L 

Feb lOeOL 
Feb 1600L 



Tic Power Carrier (dbw) Noiie (dbw) 

Frequency A.-umed ^'^.f^r"' ^ 

T-'"-^ Hop Structure ilsd ^SS^ 

' , 1 .79 -76 -lo2.8 -144 

10.167- - IE \\ JsV, .90 -163 -158 

10.167 IF t'\ .t2.7 -66 -m. 1 -134 
20.250 IF 
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4. 4 (Ul Event 5. 

Event 5 w.s »Uo a hearabilir/ test, performed en 16 Feb. at 1430 
local time, with the .ame geometry and purpose a. Event 4, Te.t. were 
performed for 5.8 and 9.259 MHz. As shown in Table 11. beat correlation 
between measured and observed carrier level, wa. obuined for .n ...umed 
2F hop .tructure at 5. 8 MH» and an assumed IE hop .iructure at 9.259 MHz. 
A. i» Event 4, the noi.e prediction, were consi.Untly lower th«. mea.ured 
•value.. The condu.ion. from Even.. 4 and 5 i. that IE. IF and 2F appear 
,ob. the dominate hop .tructure. for 10. 20, f MHa r..pectively. It i. 
.1,0 cond uded from thi. limited daU ba.e that the propagation prediction 
I, fairly accurate for predicting the received carrier level., but due to high 
eo.ch.r.nel interference con.i.tenUy predict, lower noi.e Uv.l. than .re 
measured. 

Table U. 

Comparison of Predicted and Observed Carrier «id Noise 1-eveU (U) 



Dale /Time (MHz) 



Feb. X430L 5.8 

Feb. 1430L 

Feb. 14301- 9.259 

Feb. 1430L 



Hop 


Power 


Pred. 


Obs. 


:e 


75w 


-128.2 


-110 


2F 


75w 


•124.6 


110 




75w 


- 93.2 


- 95 


2r 


75w 


• 104 


- 95 



i 
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Section S. 



SUMMARY (U) 



Th« operation, covered to date include both controUed aircraft te.t. 
and hearability te.t.. The remainder of the operation, have no. been 
analyzed because all data on the event, inclodlrg High. p«.h. .nd tranr . t.r 
power have not yet been coUected at Sylvania for analy.i.. The mo.t 
aignificant conclu.lon i. from Event 1 which .eem. to d.mon.trat. that 
U.. buoy tran,mitter concept work, (with .uffident tran.mitter power). 

The prediction, of carrier levels made lor .he hearability ..... on 
S February and It February ..em «, aUgn r.«..r well wiU. mea.ured 
value.. Pr.dic.ion. of noi.. l.v.1 i. no. a. .ucce.aful. being con.i..en.ly 
weaker than mea.ured value.. Thi. I. probably' due to local Interference and 
the a.aumption *at the rec«ving .i.e at VHFSi. a "rural" man-made rad.o 
noi.e area. Iden.UicaUon of fte receiver .l.e a. a ".uburban" area .. 
probably more accura.e. T^i. would rai.e 0.e predic.d noi.e level by 
approxlma.ely 20 db .hu. making i. align witt. mea.ured value, much more 
closely* 
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Section 1 

« 

"f INTRODUCTION AND SUMMARY 



1.1 



GENERAL. (U) 



Project AQUARIUS i» a part of the Advanced Research Projecib 
Agency (ARPA) .pon.ored ocean .urvcilUnce and ^^jjvj*"!"; 
program under Project MAY BELL. The primary goal of Project MAY 
BELL wat to invettigate the leaiibility of detecting and tracktng aircraft, 
mie.ilet. and ehip. at over-the-hori»on distance, u.ing high frequency 
iHT) mono.tatic and bi-static radara. Concept. ^'"Vv*rTll 
configuratione ahown in Figure 1-1 have been explored. The MAY BELL 
program emphaeii ha. been directed toward, determining the .tlenuiition, 
clutter and propagation a.pect. that apply to concept, u.ing .urface wave.. 
^ndTveatlgatinVthe ba.ic feasibility of detecting and t'->^i"8 aircraft and 
SLBM'a for Fleet Air Defen.e (FAD) and Buoy Tactical Early >\arnlng. 

Sylvania'. primary effort, under Project AQUARIUS have been 
to determine the feasibility of: 

(1) detecting both .ubmarine launched ballistic mi.siles 
(SLBMs) and aircraft using surface wave propagation to 
the target and .ky wave propagation from the target to 
the receiver, and 

(2) providing detection and tracking information under 
electromagnetic control (EMCON) condition, for 

FAD u.ing ahore-ba.ed HF (CW) source, and shipboard 
rcceivera* 

Both analytical and experimental work have been accomplished to jrrive at 
the conclu.ion. included in thi. report. The principal result, of the 
Investigation are eummariaed in the remainder of this •^.^^'TU^rr 1m 
related to early warning (EW) ay.tem. and re.ult. as.ociated vdth Fleet 
Air Defense. The deUiled presentation is included in Sections 2 and 3. 
respectively. Ba.ed on the.e finding, recommendations are 
Section 4 for eubsequent experiment, and ^"^""R'"'*"* •••^^^•**t ^ 
aircraft tracking under EMCON condition, using a poly.tatlc configuration. 

The concepts explored under Project AQUARIUS can be applied 
to tactical early warning systems employed against aircraft and submarine 
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B««le Geometric Cciifig«r»tioni. (U) 
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Uunche<ib.ni.ticmUMlcMSi.nM«) and fleet air .lefrnsc (rA») .y.UniN 
X^Z.i cope with ho.tile aircraft and n.i..ile. «n«er boih fr.e««ly -nr. 
enen>y EMCON cunditiooK. ' 



1. 2 (U) #r EARLY ytfARNlNC SYSTEM . SUMMARY. iV) 

The e^rly warning .y.tem configuration considered under Project 

#»f tM« effort were to expcrinientar.y demon itraie ine 

dVueXn T»r,.V. Th. U,g.t. *.r. detected by .b..rvln, .h. ...U.r.d 
deppltr ihUUd tifnal frwn »b« moving t.rget., ^^^^^ 



l.Z. iM)^ T>r«dicted r ^—'^i"" P^TfoTm»nc«. (W 



■prcpagatlon calcul.tion. to predict .yetem detection 
„,i„g . ^odifi^d v.r.io« of the ESSA .kyw.v. /"'"^^^ 
"idJ for both the direct and the .catter-palhs ^.^*/"'"'Vl«rid. 
Tt Vint HiU Farm. Station (VHFS) and the buoy "•"•"^'""'Ji.'.Vpr.dictron 
coa.t and the Carter Cay tran.mltter <*<t Ftgur* »-3). Separate pr.dtctio 
anaiyt" SLBMa and aircraft. 

A eonatant .c.ttering cro.. .ectlon of 100 wa. ...un.ed for 
.K. SLBM :.'aU '-ud'. b.Jow .OOJ^ A^^^^^^^^^^ 

t::v. 0-wr, po:rr.l.i.d rfU-Tof ..-oy 

jow y ..fleeted doppler is almoil negliglbJe below 

■isnal-to-noitc ratio of the reueciea °°PP*=^ *" - « q 2«55 MH* (the 

rirgV:oV.»r.rt::rHo::^.r. ^uh tbe^c.rter -v ..-^^^^^^^^^^^ 
?ro«Vt;rrXbXrdt:cret^^^^ 

V /ft V Thu. the Carter Cay transmitter, operating on freqoeneiei near 
t'h. IF hi mIf between cam, 2., «>- VHFS. .ho»ld provide low altit-d. 
SLDM detections in the aiternooiu 
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1.2. I 



^0 



. -Continnfetl* 



Th, oredicte.1 d.l.ctior, p.T(orm.i.ce for low flyioB »>' 
?;r,reney .nd tlm. of operation .nd hop .tructur.. 



Experimental R<Bult« . 



— Vh. pri„c.p.> "p""""'%rr'""'i«rh: d:r."Vor»p.b^u.y 
ti^^'i^::^::!:^^-^ huI r.r„. st..io w.r. 

Figure 1-3 de.CTibei the network geometry. 

TK. fir.t flight .-p'ov^;*;, '"•x.v.v r:::":: thVP3B ' 

in . delected .ircr.ft doppl.r "S-^'-"- „e,i»,r .t VHFS. 

.ircr.n u..d in th. t..t but .n .irer.ft "y*"* »•" aoe. not 

TM. conclu.ion iV"«he ^.u.. ^.'^ / .^.^^^^"^[.o. th. pr.dicd 
coincide with the time the P3B w». .,„ditlon. (nol... «tc.) 

the teet Aircraft. 

Th. ..cond flight t....n.plor.d O.. Mgh.^^^^^^ 
C.y transmitter to iU«»in.t, the •*«»^; ^^^J tlt'^^.ft b.low 

2, 000 to 24. 000 feet. From thi. -,o„, (.pproxim.tely 

leaet 3 kw ii trwimitted. 

Signal .tr.ngth t..t. --Xmr.r:: 
;vor.rrn,Tnt ^x:^'^^--^ — - 

end IT hop etructuree. - 



1-6 



d: 

0; 

gI 

D 
Q 



>ilu^«l Ml 



II 



r ■ 

h 
D 
D 
0 

n 
U 

E 

E 

Q 

I 

D 

D 

D 

D 

D 



1,2. sCl?^^ Sygtem Parameter Co niiideratione. 



(U) 



— ■ >it.^Ay*ft' ri?« 'uUfc described herein indicate the 

baaic C.ibility of the ground-wave/.ky.w.ve """8ur.lion. there r.m«ns 
. need for additional Information to deaign a complete coastal defensive 
tysltm In particular, there .re many parameter, that 
«o«nT wave/.ky.w-ve mode that were not examined or tested in detail 
S^r^ng thi. Experiment. The., include variation, in ^"^"-V. P**^ 
wllh time of day. season, etc. To perform .n adequate design of an earl> 
warning .y^tem an examination of .Ix area, was required: 



(1) 

(2) 
O) 
(4) 
(5) 
<6) 



effective radiated power and .urface wave from a buoy 
mounted antenna, 

■urface*wave los.e. to the target. 

■cattering or reflection coefficient of the target, 

aky>wave losses to the receiver. 

effective noise at the receiver. »nd 

receiver antenna gain. 



Th..e «... w.r. ex«nln.d .nd th. .l».ei«e p.r««.t.r. th.t "".»'>»>"" 

r.celving .ite nol»* environment, rt.orpUon. ttrg.t 

rol.r.«'.. •"«> lnt.rf.r.«c.. A propcd .xp.rim.nul progr«n w.. 

.-V«™n.nd.d th.t could b. .eeompU.hed In four ph.«.». Fir.t. »n.ly.i« 

I^d ,^^^.u«m.«t. ?r. to 1,. m.d. to .v.l».t. th. coupling b.t*..n th. buoy. 

^'rt r./.nT;TH.r ..d th. .urf.c. W.V. which i« PoU^^^^^^^ 

S.cond. .dditien.! «.ly.l. ».!»« mod.ling .xp.rto.nt. 

r! .v.lu»t. th. di«.r.ne. b.tw.«i b.ck.e«tt«r tni forward .c.tt.r t.rg.t 

£5 « ..ttmlt. of d.t.ction prob.bUity .nd f.l.. .Utn. r.t.. 
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0) 



UCic.l ..rJy wrnins .y.um. Sylv.n>a w.. r.d.r.et.o 
on the Fleet Air Dettn.e (FAD) proWem. 

.uffielen. .o give u.eful ':'"'''XlTn"y i "t ^rX'- In de.ec.ins^be.e 
which mu.t be .owed xi the "J "„,„„i,y ,e u.e .impJ. direction 

threat, the enemy mu.t not be epper, V ,„g,t 

finding teehnWue. to "'"'V""? "i. fl^rt .n^ that the (J... oper.te 
detection not require r.di.tion from the «"» 
under eomplete eJectrom.gnetic eontrol (EMCON). 

The fe..ibiHty oi u«ing . ^V^"' p.rt o( the MAY BELU 
help .owe thU problern V^get iT UlumVn.t.d by <rom 

SItr r.:-d /:h!;V.rirdetrnr^ l even .h.n .h. urget i. 

below the line.of-.ight r.d.r hori.on. 

^..riment. performed et C»Pe K^^^^^^^^^^^ 

b..ed receiving .t.tion ''■^"'Vr/e. Inc arnation provided by the MADRE 
PJB aircraft a. » controlled target, ant / located re.peetively 

fpuut) and CHAPEL BELL (pha.e bt feaMble. For mo.t 

Maryland and Virginia 'h'^ * *Vot: t »d detection, were made 

. sylvanl... -e.UgaUcn. in^^^^^ ^.r^r^i:." "-^^^^^^^ 

. The firet wa. to examu»e the '•"^'^''jf f ,„ pAD In the Mediterra- 

.ouree. for a poly.t.tic ''°FP'"'**;'*iI:'„"g target tracking method. 
,.a„ sea. The a.cond part l<r^''^^\^l,X^^^^^ for follow-on 
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Thepoly.tatic,.d.r.y.Um *at employ b^o.-^.--^^^ 

of opportunity and a .hipbo,7.e ""7" '"'^lji,s„. .i,bome threat, to the 



r.di*t.d power c( .„d th. operating .ch.dule o( 

Mcdlt.tT.ne" S... the P^P'S'^^ from the tr.n.mitt.r to the t.rg.t. 
th. tr.n.mitt.r. I^dta.... <rom th. t.r,.t to th. 

lo.. due to the '"""'C* ««°7*'I,V„, p,,dlet.d detect.bility region.. Ihe 
,,e.lv«r were .x.mln.d to -^yld. .officl.nt cover.g. 

",tu. l»di..t. th.» th. .ouree. VAh. M»«»»"»""'' •«>'"' " 

"r the fleet over .pproxim.t.ly ^;>^.°'/^,;„ .o„c.. with diti.r.nt 
.h. tlm.. More .tudy I. n..d.d to " . ^^ eov.r.g.. Th. Urge 

^L."mU.lon .chedul.. '?r::t^"^:t-^^;X,:.^ .v.»uS..d .nd tentative 

eoM.in. th. d.t.U. of thl. ....Jyi- 



I") 



■f..y.t LBe«t «o" M.thod-..^(U> 



1.3.Zivi V ■ — , 

V. ' — • . /„- FAD targ.t loe.tlon 

' To provide tracking i»lo.m.tlon ^j.'^/jb.a pr.vlou.ly 

,.ehnl,u.. u.ing the ba.ic poly.tatSe "»''»»j;;'»"o^o ,..t) .nd .urrae.-wav. 

.«min.d. For low-flylng »';"Vl^uW''e ..tlm.tion probl.m 

propagation for th. t"8«'-'«"''"„Vion^rprobl.m. Mod.l. for loc.ion 

ecn.id.r.d to be » »7°;tl""Vonfigor.tion.= . ,wo.tr.n.mitter. one- 
..timation w.r. d.v.lop.d for thr.e . ^ on.-r«c.iv.r (»ingl. 

UCwIr (doobl. b...lln.) c... e... <doppUr location 

. e.... .nd . four l\^''^T».eta w.r. developed one « 

finder). For the double b»..Un. e*""^" ^.j, „ two diff.r.nt tun. 

wIk ..imuthal .nd doppLj "••;«;,'T;";;pr...nt . .ingl ' n.'""- 

point, for ..ch b... ». » •!! ,i 'u b...lto. «... . t.chnlqo. 
S,.ni. for ..ch b...li»e. ''^^plu, „...ur.n,.»t. w.. d.v.lop.d. 

».ottiring two ..t. Of .»lmuth.l °°PP" , doppl.r !!.«.•«""»•"»• 
"oVth. fo«'-t"»r "'^tXu :* t.ri.t r.;jr.;d /.Im-tiu S.ctlon 3. 2 





. 1 



a 
n 



1.3.3 



Error An»!v»ia.. 



iV) 



A detailed error »r>*lyi« wa. conducted of three of the four 
. u • . TW. effort excluded an examination of the iir«i lecnmwue 

r/o!rMr:::eJ„"^•";u;r.i«r.n..n .h. .the, ..cH„i,u.. 

simpler to implement. 

For the doubt. b..eline, .ingle mc.ur.ment " '* 

and measurement errors. For RMS mea.ure -rrors of less than 

*»lmulh and 0. 1 Hr in doppler frequency range estimate error, oi 
IS percent of the true range can be achieved. 

For the single baseline, double 
..timate errorrof less than 15 percent can also be "Sieved for the ..me 

The error. ...oci.ted wl* the doppler ^-"^ I'^i.^s'^T^' 
•re distributed .t the corner, of . .qu.re H.-uU. in no 

are quite good. 

Th* nrlncipal ecmclu.lon. that can be drau-n from the error 
..^5r.tC't*?oc.tion c.n - -/-^ 

Uhon i. I hybrid of the technique. "-"".^ J°^::d^7iit ^.timV.^ 



--Contirmed. 



The ..rtet location .y.i.m .hcold inOud. .n .Isorl.hm for '''"li^e 
combln.d to provide th« "be.!" e.tim»te^ 



Stctlon S. J eoi>t»l». th. det»iU ci the error .n.ly.i.. 



(U) 

1. 3.4 

The re.u... of th. inv„tig.tion o. '""•-'"^S/tVrV:^^^,.^ 

input, for . f;;;/;/^n"uetion capability of th. poly.».tie 

would pro«de . '"'J^'^'VaD In .adltlon, th. prototyp. .y.«.m »« 
doppl.r r.d.r •V'"'" f^^,' /" ^ the v.riou. t.rg.t location t.chn.que. 
rdV.urp«rt:rrfoVrfir.iV;D*.y.t.n,. S.ction 3.. contam. th. 
detaili of the prototype system design. 



^ ^ Xk rCQMMEN DATIONS. (U) 



B...d on th. -^KfuTte^l^^^^^^^^^ ^-^^ 

^fotlt^yp. aircraft -et.ction .y..«n th. ^^^f .t'du" of.'ub'..,u.nt 

Th. prototyp. .yUn, »tKV::CrUc\«^^^^^ 
d.mon.trat. th. /^««";^V;.»f^^.\^^^^^^ 

th. aecuracl.. of th. target loearaon < .molov.d for th. t.it. 

P,oJ.ct AQUARIUS. Th. P;°'°'/P; '^V; ^ lection 3. 4^ A. m.»tlon.d 
can be readily tapUmented a. ^« J^^d f" ' 'V*"" P»'»"'»" 

^nVnT u.*:jro':va^i:tXrV«V.'a„d .oftwar. trad.off. p,to, th. 
final tyttem design* 



Uivw'LkOu.i iLlJ 



Continue tl» 



^..s.e-.,..". FAD lnve.tie.iton. recommended. b...d on the 

dl.crimln..ion PJ^^'^""- J*^* 'reVrly Turning when the (Uet ope.-..e. in 
tr.».mWl.». to be »«f.'""e t.r£et l*c.tion technique refinement .tudy » 
other .re., of the world. The ♦"«*\""" .^.od. ex.mln.d under Project 
intended to .-P>oy the "'^^Vh^rid t'Vg^^^ .y*- 

AQUARIUS for the "".^''^P^*"' J.^jetyrf fleet operWing g.ometr.e.. 
perform ..ti.f.etorily under » «'*»**',*'""'^,, develop . composite 

method for reducing the """""^trv The experimenUl t..t. t!..t .r. 

- 

target location techniquet can be tested. 

to identify threat* to the US , method, to efficiently discard 

A mere d.t.il.d de.cripUon of the.e r.comm.«d.ti«.. U included 
in Section 4. . 
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Section 2 
EARLY WARNING SYSTEMS 



an 

eiv- 



«g„rWon eon.ider.d '-V;:^; r.n.m^^^^^ 

law power HF buoy and l*""*-**"** .\,,v, ,„d • highly .en.itive rece, 

t.rR»t. The pr.m.ry S»»»' "I- j low-Oylng .ircr.ft and to compare 
the f...lbiUty '"/'jlf^^/rVTge" to tLor.tle.Uy predicted dct.c- 

tt^g^ Thi -iVl"^^^^^^^^^^^ 

parts: 

. predicted detection performance evaluation. 

detection ranges, and 
c. .valuation oi .arly warning .y.tem p.r.m.t.r. for d..ign. 

'^^A the foUowinc tubsection. (Section* 2.2 and 
The.e efforts are In Sect ion 2.4. 

2.3). The conclusions of these citorts a re ecu 



a. 



b. 



.„c. t..lng a modlli.d t« .^^d. foS th. dir'et and th. .catt.r 

(d..crib.d In Appendix f » ^" """"v^' "ju Farm Station and th. buoy tran.- 
path, between the ree.lv.T alt. at caleulationi wa. to e.tl- 

^itur, oU .*e Florida eoa.t. ^•'???^V.Ue latching, from Cape Kennedy 
mat. th. leaelbUlty of detecting S^BM mi""^*^' « „o joo km 
„d controlled •^V'^'V^^ clm^C.^ t^ USr The geometry and param. 

comparison With experimental results. 



2-1 



'..1.1(0) 



n..t...ti.tn IVrfi.rmanrL-. 



several .C. o, calc»...io„. "'"M^/^X'I^ u ""tri^^c... 

r, . .uUv element LDAA bu.lt 'V„>"in..»n.c<I for the mi..ile .1 

A eon.unt .Ctcring cro.. ^J^/. .bov« 100 km .h. bi.tatic cro.. .eet.on 
all altitude, below 100 km. A ,„bient .hoek .urfaee. The 

modelled u.li.g . hyperbelo.d "7/"'". ^^t low altitude to value, vf 
::.umed cro.. "Ctlon »h.» ••/.^^^IJ .^.n mitter location, are at 100. 
10* to 10* m» above 100 km. The ' 5. c.n, Kennedy launch ax.- 

ioo and JOO km dir.cUy down ""f* '"^ '\%„[„,,.ry 285 km down ranpe 
„„th. The Carter Cay "Vh^ tr»n.mitted fr.quencie. for the 

„ a «3- ..imuth from Cape .»<«""«^;'- J*^* 5.9 and 9.295 MHz. The.c fre- 
buoy. were the pre.ently a..igned 'T"" °' ...urned for the Carter Cay 
,«ncie.. plu. frequencle. of " "^^^^ tran.mlt.lng power of 100 

?ran.mitt.r.. The buoy, were a..umed t"^*"* ^.y tr.n.mitt.r. were 

.^A ..Ltivalv low frequency from the buoy 
Becau.e of the low power and T»Uay»iy »^ ' " j,, ^fli- 

tran.mitter.. the •I'^'^r^rK^Vor a^y time Vf the dly for either fre- 

Bible when the target i. below ,,„et CTO.. .ection doe. there 

5«ncy. only above 100 km -^'^.^^^J'^^'tr'.^.T^ u.ing the buoy tran. - 
appear to be any r Cay tran.mitter u.ing 3 kw and tran.mtt- 

nSter.. However. ^"^^'.^ho^^" Table 2-1 the .ignature-.o-no... 

ting on frequencle. "«»'J^.*J^"^ .t even low altitude, r* qu.te .ub- 
ratio and thu. the P'»*»*"»*» f 't«, fo' which the .lgn»l-to.»oi.. rat.o 

r:?; ii-dr T^:: u"hrh"h%":rr 'c^r ^^^^^r^r 



Aircraft r'>>'--ti°n Area.. 



- — TTiu.„ -f <l.tectine SLBM launching, frbm Cape 
Even though the P"^»^'V > lm« TL«e from the buoy to the tar- 
Kennedy la quite low ';^^':*;l^1VrTot a?^^^^^ flyi»« -""'"rM?:' 

get) it I. important to determine whether ^ 
tern, near the buoy, and Carter ° expected detection region. 

a^Tto dearly dl.pl.y the re.ult. «» "^"^'t.'^^.t b. con.ider.d when eal- 
around the tran.mltter VO,i*io^. IVtLt" «.lmetry. frequency, tran.mltt.r 



fi=i irr.i era c=l t=a c=a r=3 t=i crj I— 



TABLE 

(U) Predicted Sy.tem Per£orm.nce Nove-ber 1969 
for Carter C»y Transmitter U.lng Frequencle. near the MUF. «U) 



2000 Mll£-q 

10.4 21.07 ? 




S/N « Target elgnal-to-noUe ratio (db) 

PC/SB - Carrler-to-Urget signal ratio (db) 



.3 



3 



Continued. 



mm fi^QirjU] 



\rc mo.t likely to occur c.n be generated. well y obtaining .« undrr.tand 
tn7o£ how . iLVticular v.riabt. .Cfect. the overall detection area. 

Detectability region, have been "1-'^^^^^^ Zl::r^ZtT:n..y\ 
HOP .tructure. and noue 1^^^^^^^^^ [r.t.te^r S. | 

the tran.mvtter »''<*JHf f - ^'^"Z^.vc propagation from tranamitter to 
transmitter power of 50 watt.. R'/^*;;*^^,*;";,;^.^ „d , required aignal- 
target and .ky-wave propagation from Urget to receiver ano a h 
to.noiae ratio of 3 db have been aaaumed. 

The following technique i. applied to find the ^^^l:]*;^;^^^^^^ 
rromthe bi.tatic radar'.quationa*. the total power lo.. over the acatter pat 

U: 



where: 





m 






m 


power transmitted I 




e 


power received; 






lota over transmitter half path, T: 






loss over receiver half path, R; 




a 


system loss: 




c 


gain of transmitter antenna; 






gain of receiver antenna; 


e 


m 


target crosa-aectlon (meters )i and 


X 


s 


i 

wavelength (meters)* ** 



of 3 db, the required power recelveo wouio 

the nolae level at the receiver. 



♦SeeSKolniK. MeriBl., I^trnH.rti^n tn Badar Systems, McCraw-HiU Book 
Company, Inc. New York, New York, 1955. 
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From (2-1) 
I. 



and hence: 

L c . N - 3 db . 

T 

Substituting equation (2-3) Into equation (2-1) and solving for 4 1-^^. 
renults in: 



12-3) 



(2-4) 



Equation (2-4) provide* an expression for calculating the total allowable scatter 
path loss between a transmitter and receiver while still maintaining suXfieient 
• ignal strength to detect the target. Using different values for D l^Y" 
and sJcy-wave propagation over the transmitter -target half path, O r lOO m . 
and the appropriate transmitter/receiver gain parameters, the maximum loss 
associated with the target-receiver half path {h^) can be obtained for various 
conditions. These 1- losses can be converted to recelver-target ranges using 
Barrick'i loss tables* and the detection regions can be obtained. This tech- 
nique was used to calculate the detection area around the transmitter for vari- 
ous frequencies and atmospheric noise conditions. The results of the detection 
area calculations are Ubulated in Table 2-2 and a vertical projection of some 
of the regions onto the ground is shown In Figure 2-1. The reason for the 
OCR -like ahape is that the area boundary Is the locus of points auch that the 
product RjR. is equal to a constant (see Section 3. 1. 3 for a more detaUed 
description of the evaluation method). 

Referring to Figure 2-1 we see that the largest area of detection is 
for 2F hop cases for both 5. 8 and 9.259 MHa, as compared to the IE hop 
•Ituatlon. This Is because there Is aubstantlally less D-layer loss for the 2F 
hop mode than the IE hop mode due primarily to the different path lengths in 
the D-reglon ItseU. With higher modes the incident angle through the D-layer 
is higher, thus the loss on these paths due to D-Uyer absorption is amaller. 



eSarrlcfc, D. E.. "Theory of Ground-Wave Propagation Across a Rough Sea 
at VHf/uHT", Battelle Memorial Jnatltute, Draft Report (1970). 
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Table Z-Z 

,U, summary ot Detection Region C.»cuU.ion. (U. 



Atmoft 
Nuite 




B 

M 
See 



. Be.i »oUe ca.e 0800-1200 Local Time 



Medium nolee c»»e 



1600-1200 Locil Time 



Figure 2-1 tor and R. delinition 
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SKVMVC 




rtfure I'l. (U) Detection Region* (U). 



7 



Contimied. 



9.2S9 MH.. Thi. i* due to the Uct ^" ''^^''..d. The hiph.r fr.- 

el... However, lor the IE mode, the .ituatlon D-Uytr 
o«ncy U.O r..uU. in the Urg.r detection .rc.. J*"'' '* p!,.,,, 

Vn the ,.2S, MHX frequency i. .ub.t.nUU^^^^ 
5.8 MHx »nd thi» donunate* the ground-wave prep b 
lower frequency. 

rron. T.«. Z-Z « •« :nnr'H\*w"';r"^^^^ 
with incr...ing ^J' V?h?:p »ding U"" over the tr.n.m.t.er 

i»er«..e. to .pprox.m.tely * "Hi. the .pr s ^^^^ decre..ing 
target hJf path cncel the eHect J"/"'*"* "j.^ilSty region virtually .top., 
.tm'o.pheric «ot.. .o th.t ""^ " 

Not. that the detectabU r.d.i (R. ..^^ varying tran.mitt.r 

h r;r v-vsir.=;;w" -:trL u .h r rang. 

equation in the iame way. — 



nrTECTION rvPERlMENT. (U) 
General. (XJ) 



Both th. buoy and the CW »""'"-"*""*.^t. *Hch Raytheon wa. conducting. 
.1,0 u.ed for th. ground-wav. AS^ field .Ution located at Vint 

The reclving .y.t.m in u.e ^'^'^^^l^^^^^^X.^r dl.po..d «.t.««. .rray 

^ th. -..cripuon on^- f-Srrtb^':.'^:^^^ 
experiment are then preeented. — 



T^>«tm4tter PK^yaeteriBticg. 
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D 
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1 



2.2. 



Ctmtinut d. 



degree, from C.pe Kennedy, The ^.^^ , of the.e C\v 

„70. ».edthe CW ^^^^^^^^^^ 

tr.n,mi..ion. ranged '""^ "^^j ,h„e ,r.n.mi..ion. r.dl.t. 

r;v;xr." rjr;:^:p^?^- c^o^^ 



2,2. 3 



a.reiver Si" rh.Ttcterittiei ■ 



(U) 



TWO ..p.r... receiving .y...m. *«'f ""^ ':;'::;Vl;" Ao'unted 
W.Ud ViM »U r.rn« ^°;;;::rc:^^^ contro».d 

high dynamic range d.giui , ,p,ctrum .n.ly.l.» u.lng • 

receiver. (Sylv.m* R-27A «"'^"' .^jog and digital PCM recording 
CDC 1700 geoeral-purpo.* ""P"'" „'",td ^^o b.c>c-to-bacK ho».e 

eapability. The """^''^VT.t'ro^^c d I„ LDAA .t.eraW. bean, 
trailer., and con.i.t. of a DF "» «~»f;'„*° *° rj,oa r.c.lv.r.. The R390A 

antenna and U "•^^VrhVreU ti^T.n\"r.P^^^^^^ * " 

I^LlrtVpe'roVdrr'th: rc^rgr'a^elf rh... two receiving .y.t.m. are 
shown in Figures 2-2 a«d 2-3. 



l.2.4(y) 



p>i.>4ver Sv«t*"i Calibration: 



on. important gou of thi. project *-«\r.:tr. ^.^u:rr 
rtdfc::^-^^^^^^^^^^^^ 

The .undard calibraUon. P'^j;--*- " *^^^•r.d*:o^^^^^^ 

referenced to a l-Herta T.^, e^partag the receiver IF o»tp»t 
earner .treng.h wa. a fn'^!^TL IF «»tp». l.v.l when 
.Ignal level wh.» it wa. 'T,l '\l^t^izT^'^l the HF fr.qu.ney a. 
the receiver wa. connected to • 'J^'^'*" " ^ i,v.l lor that 
the carrier .ignal b.i»g mea.iir«d. Th. »ve>«>* if 



^ Digital spectrum A^ ly.i. ivaUabl. aftor ,..».nr. »70. to Urmin- 
ation of the computer leate. 



2-9 






mwrr 


wutcounn 










ATT. 
IWiTICOUnfR 










Nint - - 



SCMCN KCVH 



*k6 - R)9W 



R^l 1000 NX 
II39M ttf 



I Mt MP 

•■rr 



Hkt tOOO Ml 



rU) 1000 H< 
ll)90* 



1 Wt ANP 
♦•PT 



rMi 1000 ¥.t 



I KMt MP 
♦OfT 



TIM COOK 
ecu 



WPWiv^Tq) foR »w»toc ^ 



DICITAL 



IS mt siici« 



S CN MUl 

::x: 



conv. 



oc 

Tlt« 

cooc 



I 



PCH 
KCDR 



1 nit 

•CFMC 




f RNt fta If J 




t «t Rcr ^ 


kik RN< BTO 

roR n)90A 





HP 110 
SCOPC 



Figure 2.2. (U) Blpck Diagram for High Dynamic Rang« Receiving System (U). 
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Flsure 2-3. CO) Block Wagratn of Twelve Channel Analog Receiving System {V). 




Z.2.4 



CtjntinuciK 



the receiver IF outpul .iRn.l .trcneth w.. .J, This 

level *». Ih... n,e..»rcd and cnverUd »° * h i,. dbv .nd v..r. 

,icn.l .ubttiwtion method R.ve the •«""^"' 
me..ured within the narrow IF ree.lv.r b.ndwidtb. 

Th. determination o, the noi.e level ';';':Vt;'^^\"Xte;"?y' 
w.. done by AM modulating the on-.ir ^jL; tm^it"."* of 

.,„.r. wave u.lng a very .mall P""'";*^ Tufpu "f real-time .pe..r«m 
th... modulation ton.. »^';;"^AVmlee wa then reduced until the 
.naly.i. di.pUy. The fV."ir^nd noU. ol th. dl.play. Bec.u.c 

„odulUlen tone. 0'"PP«" \'^; conv^r^d to .Ignal l.v.l in db b.lov; th, 
th. modulatlr-n p.rc.ntag« i< """" ^. , , hi the relative carrier- 

earrier and the apeetrum analy.U 2\ H= bandwidth. Thu.. 

to-noi.e power wa. directly «'^'»'?'^,"'";";„i t l.v.J of 64 db b.low th. 
if th. calibration ton. v.'irla. ^to " db b.low th. carrier 

'Vhl.*"rVl"To ntV.Tat?:*.:. tien .ubtract.d from th. r.celv.d 
:arri;r" en^^toUaln th. m.a.ured noi.e power In dbw p.r Ha. 



2.2.5 



i3 



Rf suits o f Experiment. 



aircraft flight, et ' ^'^^ f^^^' p^J" ;"io„ m.a.urement. between th. 
the bl.tatic v*nt reU^Farm Station ree.iver. The two 

Carter Cay »""'~;'^" '""i *^„V2 "hev^ In Figure 2-4 «d 2-5, r..p.c- 
fllght., dtnottd at Eventa 1 and Z. ar. .nown > 
tlvely. The network geometry i. .ho»-» in Figure J -J. 

The propagation conditions w .ummariEed below- 

rTj 5.BMH* 

Trans mltter Power: 10 W. 

Carrier l*evel: -92 dbw 

?ri'.:i«Vd1lUl!;ln*~^^^ > ^m OE hop,. 6 km ,2F Hop, 
,Th.l0.w..tbuoytr -: ;, .mlt»., wa. built aftar the an.ly.U u.mg the lOO-^att 
value waa completed. 2-12 ■ 
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Figure 2-5 (P (J/ Predicted and Observed Detect.cn Region.. 
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Continued* 



The detected signature- is not considered to be the P3D tent aircraft, but an 
Aircraft flyinR near the receiver at VHFS. The predicted detectability 
region for this day extends at bctt only to )) knni. The P2B'a cloaeat approach 
to the buoy is only 30 km. Also, the period of the first Doppler liKnatOre's 
sign change occurs 2. 8 minute* earlier than the predicted closest approach. 
In addition, the Doppler signatures obtained (although consistent with those for 
an aircraft) were much stronger than could be expected from the test aircraft 
vsing a lO-watt transmitter to illuminate the target. Therefore, because of 
inconsistent timing the distances of aircraft from the transmitter and receiver, 
and the strength of the detected signatures using a 10-watt transmitter, it is 
concluded that the detected signatures were not the P3B test aircraft, but 
rather another aircraft flying over the receiving antenna. 

The second event on January 27, 1970, employed the 3 kw Carter 
Cay transmitter and a P3B test night at a apeed between 200-300 knots. The 
aircraft Hew the pattern shown in Figure 2-5 at successive altitudes of 24.000, 
14,000, 12.000, and 2,000 feet. The propagation conditions are summarised 
below: 



RF (MHt ) XMTR Power (watts) 



10.167 
1S.595 



3.000 
3,000 



Receiving 
Antenna Gain (db ) 

17 
25 



Noise Level (dbw ) 

-137 
• 145 



The detections for the first and second passes of the aircraft near 
the transmitter at 15.595 MHa and 10. 167 MHx, respectively, are shown in 
Figure 2-3. The predicted detection regions for these frequencies are also 
included in the figure for comparison. The experimental data generally agree 
with the predicted results except that the detections are expected sooner 
during the flight. The lack of a signature during aircraft flight at high alti- 
tudes (e. g. , 20, 000 ft. ) over the Carter Cay transmittitr may be attributed 
to aircraft flight in the vertical null of the antenna. Both signatures were 
obtained for aircraft flight below 2, 000 feet. Therefore, it can be concluded 
that aircraft detection below this altitude and within the predicted detectability 
regions can be detected vsing the huo> concept if sufficient power ia trans- 
mitted (e. s* , 3 kw). 
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rOhirmsiONS OF KW STUDY. (U) 



The eondutioM derived from the e»rly warning fyttem .tudy are: 

Detection of SLBMt at altitude, below 100 km it unlikely 
using buoy trantmittert with 100 walti or )e»», »«d a 
Undbated receiving eyitem for the network geometry 
shown m Figure I O. However, with the xniesile at 
altitudes above 100 km (at which the missile radar cross 
section is enhanced) detection appears possible. 

h For buoy (or landbased) transmitters with 3 kw power 

and transmitting near the MUF. SLBM detection Is 
probable for the network geometry in Figure 1-3 at 
both low and high altitudes. 

c Aircraft detection regions can be estimated with fair 

accuracy because the experimental results generally 
agree with the predicted resiilts. Using a 3 kw trans- 
natter (Carter Cay) aircraft can be detected at distances 
as great as 60 km with a receiving site at VHFS. 

The conclusions indicate that it is basically PO'/^^^J *° ^"k"'.*'" 
craft and SLBMs using a bistatic HF radar configuration m ^^ich a buo> 
Trans^tter is employed with ground, or surface-wave propagation to the 
II«erlnd aky-w^ve propagation between the target and the receiver. How- 
target the order of 3 kw or more is required, to additional 

U ™v brneTessIry ro Judiciously select the frequency of operation t^ mini- 
miTe\he D-layer «d .^reading losses for target detection under different 
transmitter -target -detection geometries. 
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Section 3 



Fl-nKT AIR DEFENSE 



The detection of .o«.flyin« '"^r^rrm "o^' /l^J^.m 

Sicient .0 give „...ul w.rning time ' Vy.t/n,.^^^^^^^^^^^^ 

for which ov.t.th..hori«n •'•^«"°; j, „p.ci.Uy <l"i»bl. 

A poly.t.tie .y.».m .uch .. P»^;«V";|", fl.„ .i^ef.n.e (FAD) 
b*e>u«e it not only prov.de. ««»»" j'^^ provW.f th. detection infor- 

by detecting target, .t long "Z,"^, „„,. Thu., the enen>y 

J..i..„ witho-t -irection-finaing 

i:cri^::r.r.i"- fl«;uno.t..ic x.-., 

e»mined for .r.n.n^.ter. ttn/^htdS^^ the tr.n.min.r 

located in the Oeet. In addition. /P*"""' ^'J^ „ hour coverage po..ibl.. 
.ource. were "^'^V^D inl^tUaUon d^^^^^^^^^^ location method. 

The .econd part of the '^'^'^ '"^''V,*' etatie eonliguratlcn. Equations 
th.t can be employed u.ing the ba.ic P<>'V»»««« ^, ..tin-ated 

are derived for each technique to .ho* ^o* the .rg« r. g^^^ ^^^^^^ ^ 

u.ing mea.ured and known P»"'"* f"* J,^* ' .J^^.t ar. f.a.ible. The 
error an.ly.i. of tho.e target ^V*""? *"™^7,Vhnlqoe are di.cua.ed. The 
bia. and random error. °f'»**V.''^:"tv« aircraft detection .y.tem. 
fourth part ''>;/;;;«:/;;.Vfrr «"rim.ntal vrlfication of poly 

r:^«c'&«. r^"y.t.t .vlttion to ..U .he parameter, for th. fmal 
tystem detign. 




Th.po„.t.tic.y..em forrAD ''.rTeV.V.I " (/^^^^^^^ 

„f opportunity for iUuminating U'/!? "^^^ '.u^^tur:. The det.ctabilit, 
,.,) lor detecting the Mediterranean Sea. 
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3.1. ivy/ (Pi ContinueiK ^ 

and also between the target and the ahipborne receiver. The second consist » 
of sky-wave propagation between the transmitter and the target and ground- 
wave propagation between the target and receiver. These two types arc 
denoted as ground*ground and skyground modes* respectively. 

To accomplish this feasibility study the efforts considered three 
aspects: aource availability, the operating aciiedules of sources, and tht 
coverage provided by available sources. Thesi.^ arc described below. 



3.1,2|0)^J Available Transmitters. (U) 



tKe transmitters were categorised into two groups based on the 
polariaation of their radiated signals. Horirontally polarized signals were 
considered for sky-wave propagation only on the transmitter -target half path 
•inee the attenuation of the horiaontal component of a ground-wave over sea 
water is very large. The vertically polarised signals, on the other hand, 
were considered for both sky-wave and ground-wave propagation for the 
transmitter -target half path. 

Table 3-1 lists some of the transmitters in the Immediate vicinity 
of the Mediterranean which have been evaluated along with transmitter 
location, selected frequencies, transmitter power, beam information and 
polarization. The locations of the transmitters arc displayed In Figure 3-2, 

Transmitter scheduling is also an important factor in the evaluation 
of these transmitters. Historical records of scheduling were examined along 
with current information from FEB to determine the schedules for each 
transmitter. Figure 3-3 shows the scheduling for the transmitters in Figure 
3-2. Transmitters are available around the clock for coverage of some areas 
«f the Mediterranean, but more sources inust be located to provide complete 
around-the-clock coverage of the Mediterranean. 



3.1.3(0)^ Cov£T^ W 



Figure 3-4 illustrates the geometry for a bistAtie radar detection. 
Several requirements must be satisfied In order to make a detection. First, 
the received aeatter path signal. T-R. must be above the noise level present 
at the receiver. Second, the direct path signal must be received. (In the 
case of transmitters with sufficient frequency stability, a synthesUer signal 
can be used where the direct path signal cannot be received. ) Third, the ratio 
of the dirct path to scatter path signals must fall within the dynamic range 
limitations of the receiver. 



(Thit pAKc U UNCLASSIKIKI» 
TABLE 3-1 (UNCLASSIFIED). MEDITERRANEAN TRANSMITTERS fU>. 
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Figure 3-3 (UNCLASSIFIED). Source SeheJule <UI. 
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Figure 3-4 ('J). Typical Geometry. (U) 



3.1.3.1 



[••val uation. (U) 



■ t V If .lath have been eilcuUcO 

. , .elected lr^.mm...urKct.^er.:Wcr^.o^^^^^^^^^ ..,c«U.eO 

iruiVe'c .h. nee. ^"j. 

„i„, the p-.;;^-i:;/;::^;nx:frirm b.xhck.. 

p,opaMt«n. th. ic... ^^^^ ^^^^^ ^^^^ 

riEurc J-5 •h'""' " T(!lmot wind, »f><l pT«.p»P»»'«"' 

The upwind -lo*"*'"" di""""" '^"'.vf j'' rougher .e. .t»te lneT...e« 
tk, Jos., »»«> prop»g»tlo» in » ero. 

downwind prop»e»tion. ^ 

ror crE.ni..tlen ..... '''^«twd««rtoV.t.rmin: .he .n.our.. 
.i»n. E.ch .eclion w.. '"""'"^"V^^^^^^ ,„.t.d within Ih.. .rea. 

:rervr/.g.nrot.c.oY«o^^^^^^^^^^ 

- "i!eVo-.r.7=«- ^^^^^^^ •-"""^ 



a. 

b. 
c. 
d. 
c> 



UTget e»o..-.«etl«>» « - ' 



C » 0 db; 
R 



,4 . .150 dbw -"0 
Ixequeney— 1 MH«, 
,y.t.inlo»» 1-g i Sd»»« 



_ «^ P,.dietl.,Lcng-TerrnOp.T.ti^.l P.^^^^^^^^ 

l.»boratorlet; January 1970. 
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1 1. 3,2 CU) »- ContinueH. 

„r the receive,. Ti.. frequency 7' V'h .nouph to h.vc rc.on.bly 

provide R'r. *rof I reran Trde.er,;ine the rcpon of 

noi.e icvelt for the detect.on ot »««""• ^" ,hi*uird reccivtri 

eovCT.t' provided by thi. P^P^e^K .rT.nd. With thi. ...t.mp.i-n. 

».,re ...umcd to be 200 eon.tructed .round 

. comour of eon...nt '°" °t^,r'^ ,h. region of de.eC.biH.y of 

r^^rr "^tijf, 

Ocean. 

3 J 3 3 tu) ct^ Y W»v^-Crov "-* Propagation. (U) 

prediction. »er. m»dt '~ ^ line of .ight .nd one F-hop 

ikv-w»ve prop»g»tion. Target luur , .truet»r*» with more 

^'ipagation i. 

than 1 F-hop for the date and time *",„,.,.ion. Noise calculations 

uansmittcr haU P^^^^-i'^J^/AU^^^^^^^ - 
and propaRation conditions were caiew* 

(N = -Its dbw). 

rwe -^raft position, were ev-uated -Mpb^Vt/ r^^^^^^^^ 
located a. .elect -^-j-V.^^^^-J^'^^^^^^^^^ fov'aU If Ca..lni, were 
abUlty for e.ch tr. ..timate of the protection provided 

not c Jculated at this .ime but a. • „„a. roT a .pecifie air- 

•by each tran.mitt.r the foU.-mg transniltter-target half 

.i^t position (Uti^dc ^ 0^=0^^^^^^^ ^ ,..»h.n 

?;.rs:i:"r-ai-;^^cr^^^^^^^^^^^ 

circle ahould detect the aircraft. 

hop mod. from Madrid and distance from 

3.10 
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(ThiB page UNCl^SSIKIKL)) 

»■ 

3. (U) vuminuco . 

signal. Any receiver within thcie diitancei from the aircraft uhould be »bU 
to detect th#» aircraft. Fipurc 3-7 illustrates thie example In this cxamplr 
the shipboard receiver located at 38N. OE, would delect the aircraft on the 
Algiers frequency, but not on the frequency from Madrid. As the aircraft 
closed on the ship, the Madrid frequency would also make a detection. 

Using these methods to evaluate the coverage for each area, the 
following results were found (see Figure 3-B), For area one. transmitters 
located at Lisbon, Madrid. Tangier, and Algiers were evaluated for the 
rceeiver and target position given in the example. The transmitters afforded 
protection at distances from this aircraft of 10, 20. 70. and 205 km. rcspec 
tively. 

For area 2, transmitters located at Algiers and Rome were eval- 
uated for two different ship positions. Algiers provided detectability at 
70 km from the aircraft while Rome provided detectabUity at 100 km. 

For area 3, transmitters were evaluated at Caltanessetta, Alma 
Ata. Rome, Tunis, Tirane. and Tripoli. Tripoli provided the greatest 
detection range at 80 km with Rome and Tirane giving 50 km detection range. 

For areas 4 and 5, the greatest detection range for the transmitters 
evaluated was 100 km in each case. 

In addition to the transmitters evaluated, a great number of pos- 
sible transmitters at other locations still remain to be evaluated around the 
coi of the Mediterranean. Table 3-2 is a partial listing of these locations. 
Transmitters with power as low as 1 kw can be used for line-of-slght cover- 
age along the coast and IF hop propagation into the interior of the sea. 
Development of these sources is necessary for round -the -clock coverage 
as weU as multiple channel coverage (I, e. , on several transmitter frequencies ) 
el a ship at any point in the Mediterranean. 

The conclusion that can be drawn from this analysis is that the use 
of transmitters of opportunity as part of a polystatic HF radar system is 
feasible for FAD in the Mediterranean Sea. However, before a systeni is 
Implemented, there is a need to evaluate the transmitter sources that have 
„Tt been exai^Uned to identify the specific transmitter, that should be employed 
by the Oeet during operation in different areas of the Mediterranean Sea. 
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Table 3-2 
{\}) Additional TxanBmilter* (U) 



Malaga. Spain 


Tobruk, Lybia 


Cartagena, Spain 


Beida, Lybia 


Valencia, Spain 


Bengasi, Lybia 


Barcelona, Spain 


Annaba, Tunesia 


MarselUe, France* 


Safaqis, Tunesia 


Nice, France 


Oran, Algeria 


Pisa, Italy 


Melilla, Morroco 


Naples, Ualy 


Balearic Island 


Izmir . Turkey 


Corsica 


Latakia. Syria 


Sardinia 


Port Said, UAR 


Crete 


Alexandria, UAR 


Cyprus 



L 
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3.2 



TARGET i-nrATlON METHODS. 



tU) 



with . .hore.b..ed tr»n.H»ltt.T for t.»g.l In thU .cc.lon 

TMpboTd reception. The t.rR.. «»''- ^^^^^^^ 
»ppe*r to ellmln.te two Cund«ment»J proWemt ..foci. 

bUtatlc red»r; 

T.riet .lgn.l »mpliiude. gWei no Indication ot ^htthtt 
rt. tViset U n..r the tr«.mltter or the receiving .h.p 
beci'« the bt.tatlc r.d.r range equation I. .ymn.etr.c 
ibourtb.Tr.n.mUt.r-t.rget and recelver-urge. ran,... 

I, Single IJoppler ,r.e..urement. alone cannot provide 
«aambig«ou. target location .Ince .Ingle Doppl.r 
m.«urem«t. have . lourfold location ambiguity caused 
Ty Jhe geTmetrlc .ymmeiry between the tran.m.tter, 
receiver and Ur; et. 

Four .epara.e derivation, are given -••"^'J^t^h«aVe^a''*' 
rr^y be u.ed to loc'at. and track '--"vinS '"^^^ ^S';,**.^^^^ 

mU.ile.. Th. tour technique, are: 

the douMe ba.eline. double meaaurement range e.tlmator. 
the double ba.eW»e, atagle «».a.ur.ment rang, e.tlmator. 
the .IngJe ba.elln.. double m...«r.n.eiit rang. ..tlmator, 



Cm 



d. the Doppler location linJer. 

The flrat two technique. -P'»V ^" ""-'"^^ 
.how» l» Figure. J-9 «.d J-»0. "'P*'""^; J/J Dopp: r 

baaeime. double «»e..»r.n..nt '»»J« ""rmHiu^d at two different point. 
,rt»rn. and their «f ««°"' •"'"^ 'm r..»r.m.nt. are employed to 
along .he target'. '"l^^j^r the .ec"nd method (double ba.eline, .Ingl. 

e.timate the target', location, f"^"' . ,„e„tlally made u.lng the two 
„,a.urement range *V.;/d^^«^. rf .rTW^^^ mea.ured at one 

Doppler return, and their ••"''•'•^.U ba.Xe double mea.urement range 

^£:^;..i^^:e>r:r^;iiv^^^^"-i'>'^ direcio, c .mvai 
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LECENO: 

p »^ . OlOUND RANGE FROM RECEIVER 
TO TARCa AT TVO POIKTS ON 
TARGET PATH 
V . TARCn VELOCITY VECTOR 
* ANCLE AT THE RECEIVER BETWErH 

THE TWO tOCATIOM SASELINES 

1 t/: ?S51XmER 1 and 2. respectively 

B**D* - ARE THE 0:$TAHCE$ ftnVEEH THE 
J ^y^^ RECEIVER AMD TRANSMITTERS T. AHO 



i 



RECEIVER AND 'l^:; 
Tj RESPECTIVELY (KH(WM A PRIORI) 



risore 3-9 (U). DouMe-B*tellne,Two-Me»«Temeat» 
Model. (U) 
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,.10 IV). I>a«bl.-B..ell»..0».-M...ur.m.«. 
Model. (U) 
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* 

I. • 

i 

t 

I. 
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3.2 (j^j fffi Conlinucd, ^ 

a .ingle transmitter .ource to ..llmale the t.rgef i T«jRe. J^'^j^l^J' 
ImcK u.et the configuration in Figure l-ll. It oper.tlonaUy prefer r.'d to the 
nr • t"^^^^^ of th. n..d for fewer me..urement. and tran.mu.er -ur,„ 
The fourth technique (Dopplcr location finder) ^^^^y^'^'^^^^^^l'''^'^^^^ 
from the target Ulumin.ted by four trantmltter- to eitlmale both 
La^mulh. AU four leehnique. provide location information on the detected 
target. 

The derivation of oquations for each of the four method, ia Included 



below. 



J, 2.1 (U) Double»Ba»eline. Two^Meamreme att Range Ettimator> lU) 

Consider the elngle Hateline, one time polj^t altuiilon ibo^K-n in 
Figure 3-12, where a vehicle if moving at an unknou-a velocity the ditiance 
between the tranrrUtteraad the receiver UatfumedkBowB to be D. and the 
transmitter is ^rcodcasling on a known wavelength X. Tha arlmuth angle of 
the Urget at t;i<» r^-.tivvr. O . Doppler ahUt, Af . are measured. 

The tKcAx^ f .*::s?!«r f«bU^ Cor this geometry may W written as 
Af . 4 fa) 

a . (CO* 6i 4 cos ^ ) • 

A&glcs and 6, can Uso be written: 
ei « 90 4 a ♦ ft 
^ m 90 4 8 - * . 

Tbarefora* 

tt m H (gia(a 4 6) 4aiB(e* 6)] 
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Figure 3.12. W Variable, lor Doubl.-Ba.ellne. Two. 

Measurement* Model. (U) 
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3.2.1 lU) " Continued^ 
Also. 

-1 /a 



0 « tan- (j;) 



U there are tv,o transmitter gcometrieB. which ihall be distin- 
guished u.rnr.ub.crlpt.. then the following throe equations can be u rUtcn: 



^ . j.in (a,+ C,) * .m jtan-^ ^o/tan a,) " *| 



(3-1 I 



<3-2) 



and 



6^ e 6j + e 



(3-3) 



w r I. ih« anele between the two baselines, as shown in Figure 3-9. 
«: vU« of . ^,7; bri:icul.t.d b.««.e th. eoordm.... of th. two tr.n- 
mitten and the reeelvere »re eisumed Inewa. 

U .dditlon*! eetmuth wd Doppler measurement, .re m..lc f..r 
.he.c ..me tTve geemetrie. .t .ome time tt l.ter. th..r. f.^-r .....r. 

'xhl. ..t o. e,u.tion. i. dl.tingul.hed b, . .,.,-.r..r.,- 

ir / aj' tinaj' \ j| 3 4) 

sin (.^Z-* 6,) ♦ llAn-^ L t*naj'.ajj ' * ' 
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3.2.1 (U) Continued. 



'l* ' Aj - D CO* 6j (3-6) 

(3-7) 



The U»t two equation, are a reeult o£ the constant velocity and 
direction a«umptlo7. /Si .even equation, can be » 'Vonr 

orVour equation, in four unknown, by elinrHnating 6, from the equation.. 

The result, arc: 

Afj « (\), 

The »nk.ow„. »e u . .. «^ •^^'i;. y^^,. . priori 

••^ • V ' n *• V i m' «A The .bove .«t of ,lmult«eou, equation. 

b*;,^«d tU ~* «h. ,r«»d from th. x.e.lv.r .o 

the Urget could be calculated by 

P ■ sin or; 

Although this procedure yield, four independent equation, which 
tVetoii^, ihi. fi».t Uxget loctlon t.ehniqu. wlU not b. .x.min.d forth.r. 
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3,2.2 (U) Doublc>Da»cUnc , nno.Mc»urcmrnt HaT^pc K»timator. J IM 

The variables for the double.ba.eline, 
arc dcUned in Figure 3.13. As In the previous ease, the transmitter 
arc - . n and the transmitter wavelengths, X, and 

receiver distances. Dt »na u , ana DoppU r 

V arc assumed known a priori. Tne atlmuths, a,. »nu . -no pp 
.hift.rAfi .ncl Af. . .re the only quantities requiring measurement. 

From another form of the Doppler equation, 

Af, » (P «i> 
J 

Z ^2 * 



vhere p = dp/dt wid • dn/dt . 

From the law of cosines. 
^ • (p^ + Dj^ - 2pDj coF 



n 



.o 



(pj> - COS ff, ♦ pP, 0| slno^> 

' 2 2 I 

(p ♦ Dj - ZpDj cos ffj) 



(3-6) 



where « dtti/dt • 
Similarly 

<P> - *»1>2 c ot tf^4pP2&2'^»'^2^ ,j 

^ • —"2 z ■ TJTz * 

(p + - ^P^2 2 

Note that a, . ira » Ir . Th. quantity b can be estimated using the pre- 
vious atimuth measurement, as follow.: 

* * zZt " 
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t X% IU> VarUblet for PoubU -Baseline 
Figure 3.13. (U) ^^^.^.^^ement Model. (U) 
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Now dclir* h. . q, . r. . and a- »on»w.t 

in 



9 * ] 



^1 « ^'l \ 



1 "^1 

A m ^re timiUTly defined. Equations ^ 
The qu»ntitie. . qa. r, . and a, are aitm»«y 
and 3-9 can then be written ai 

PP 'V^z^_P*z 

H • — h; 



So All ecu be written 



, r P (P-rjWpJ 



SimUarly 

At 



^'h[ — =1 — :J 



Solving for p. 
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3.2.2 (U) CoiHinucd. 
and to 

Equations (3-10) and (3-11) form a iy^tem of two equations in two 
unknowns (p and p) that may be solved using standard iterative techniques. 
Note also that, for this formulation, the assumption of constant velocity and 
directions are not necessary. * 

3.2.3 (U) Sinule Baseline Model. (U) 

The third derivation to be considered is that involving the model 
using only one transmitter. The variables for the slnple baseline model are 
defined in Figure 3-14, As before^ the transmitter-receiver distance, D, 
and the transmitter wavelength, X . arc assumed known. The aximuths. o 
and ft' . and Doppler shifts .ti and tr , are measured quantities where the 
primes signify Hicasurement at some time tt after the first (unprimed) 
measurements. The velocity 0, of the vehicle is not known. 

From the Doppler equation, 
f . (i> 4 h) 

From the law of coslses« 

' a e (p* 4 . 2pD eoi a\^^^ 



( p b » b D COB g 4 pD B\n 6) 
• • » — 9 1/2 
(p' 4 D* • 2pD £0B a) 
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3 2. 3 (U» .» C«>ntinuc«K 



^ UNCLASSIFIED 

D 

t: 

^ Similarly. 

L ,„ order to find . .olutlon crfy on. b».lin.. .»<. .PP»xi- 

fnations li«vc tP be made 

(a) !» U constant: I.e. . i^' = P and, furlhermore. 

[] p • p* - p At 

j (b) l» constant; I.e. . » & 

i eve, ahon tin.e intervals (..all MUhese^mptions a.e .ea.onaWe. The 

j J; ^ng^ar velocity a can be estimated a. ioUow.. 

I 

1 „..tions are .trictly true if the target is Hying on a radial path. 

! ^. Thcae approxxinations are tiricwy 

1 jj toward or away from the »h»p. 

I combining the equation, and approximations above gives 



where 



q « AfX 

T ■ D cos a J - 

t K D sin 0 

h • (p* 4 D - 2pD COB a) 
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3.2.3 (U) ' ContinurcK 

Substituting p = p' - pAt, tquarlng to eliminate tquare rooti and alpebraic 
manipulation of the results yields the cubic equation 



Ap* 4 Bp» -Cp 4D«0 



where 



A m Z^t^ (q.a) 



B » (q^-s^ + At (4qr.4qpM 4 2si^t (2p*.H 4 - r^ 

C » At (2q^r-2q^ p'42p»a^J 4 2p'^ (q-al 4 2p'r (»-2ql 4 2qD^ 

D « p'^ (q^-»^ 4 q^ (D^.2p'r) 

This cubic equation can be solved for p and the correct root chosen. Also 
note that p is still a function of the single unknown p*.. 

In similar fashion, 
-1 



Af . ^ (i>'* «•) 



or 



h { p'»r'l 4 p' s * 
-AfX « -q'-i>+ — 

Where h\ qS r' and s« are defined similarly to h, q. r and s. 

Now 

-q»l»' .i»(h'-T'l 8 p* 

or 

. -q- V - t» (h'-rM ^j.l3j 

Equations (3-12) and (3-13) form a set of simultaneous equations in the tu'o 
unknowns p* and p which may be solved for the target position. 
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3.1.4 (W) n.. pplcr Loc^ """ Finder (DLF). (U) ^ 

The ».n« e.tim.Uon ..chniquc. di.cu..ed In Ih. pr.viou. ..etion. 

The v.H.«.. lo, the ^^.F - i-^;/- ,V.nV Jur*:":". 
„U...r.r.«lv.r dUU«c... D.. D.. ft-Jj;;- °;;„„Tp;iorl. The .nsW.. 
length.. X,. Xi. X.. ""^''iibVthe reference b..eline with the tr«..n..tt.r. 

e,. B.. e,, «»a e,. '"T** "VrJiorl. The only meaeured quamUie. 
receiver «re alio ae.umed toown • P»i"'- ^"e omy e.tim.ted 
.re the Doppler .hUt.. ' "V.r'nl a ian^ vdoeu,. p. and bear- 

irr^:e-s?e-urS^^^^^ 

From the Doppler equation: 



where 



ij^ « dn^/dt . i « 1. 2, 3. 4 • 
From the of cosinei. 



so 



Ipi>.^P,co.(a 4 S,)4pP,a.in(a^V] ^ ^^^^^^ 
* Ip» 4 D*- 2 pOj cot (tt 4 B j)] 

Th«., from (3-14) mnd (3.15) It can be .een that 

where h ii * function of the argument parameters. 
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3,2.4 iV) Cttntinurcl. 

The desired parameters (p. a. ',>. and a ) can ihcrcrure be ctimatcd by .'.»- 
solution of the following system of equations. 

6fj ■ h(p, a, i', o: D„ fii. ^i) 

Af, * h(p, a. p. tt; D», Pa, ^a) 
Af« » h(p, a, p. a; D*. P*. ^4) • 

This system of equations can be solved using standard itrrativc 
methods. Unlike the other techniques discussed, this method \» »'«^V 
mntaneous; the estimate at one point in time require, no P^^*"^' 
ments. Also, the equations are exact: they require no assumptions as to 
the constancy of p or bt . 

The Doppler Location Finder can thas estimate target range and 
bearing using only Doppler frequency measurements. 

3.3 (U) rPT^OR ANALYSIS. (U) 

The target location estimation techniques discussed In Section 3.2 
result in two kinds' o£ error.. One is a bias in the estimate that arises 
because of one or more approximations that are •^P^.^^^/^^.'^^^rbT 
This is a ivstematic error that can, in some caies. be mimmlxed Dy 
proces.rnjy The .econd Kind of error arise, because the in^ts needed or 
ttmfte Lnvolve measurements that contain random errors. Those two 
'l!;:;. of erro^^^^^^^^ limit the accuracy of an estimation technique. 

m Sections 3. 3. 1 through 3. 3. 3 the error expression, for both 
kind, of error, are derived for: 

a. the double ba.eiine, .ingle mea.urement range e.tlmator. 

b. the alngle ba.eUne, double mea.urement range e.timator. 
and 

c. the Doppler location finder. 

Some ...umpUon. on i«d.p.nd.ne. of error .oure.. h.v. been 

Sertlon i.4 the .everU other po..lble fooree. ot error that do not .Igmt.- 

eenUy alter the eetlmete are de.eribed. 
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r.:n. .c E.tim»tor. m 

„eM technique (Section 5. 2. '» -^^^Ve.Z J. d^rtvcd below r.U.in. 
bearing .nd Doppl.r J^^.'^^VDoppler .hlft to RMS e..i-n...on 

RMS n,...»rem.nt i. v.lid M .pecHic t.rg. 

„,6f. of target r.nge. ^W. «"« exp:^ eonfigur.tion. of t.tRei. .t..p- 

tirprrof U.. than M car.be .ehicvd. 

, » 9 tK« true range p i» the iolution of 
A» shown m Section 3. 2. 2. the true rang y 

the nonlinear ayHein of equation. : 

-Iq^ hi 4 P (hi ■ 
P ■ Si + P 



-(qj ha 4pS2) 



P ■ (ha + P - 

» S. S» are functions of Of Ofs. 
where h,, h», .^bstituted Into the equation fo p 

A*. The expreesion for p can 

f^«u.../th.t pi. 

o . (p ; ft. ■ • 

r ^ the coefficients Involve Cj. 



ft — 

where 



. — ^ .... « •inrte measurement technique, 

7>Uthoughtb. .ec.»iH-:e t. de.crlbed ^ 

it doe» require o, »«>« «t ^^^^ 
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3.3.1.1 (U) Contimiecl. ^ 

and 

O4 » Oj <t - At) • 
Th».. i«..c.d of (J.18) .n .qu..ion o» .h. fc»owl»g forn. I. .Ov.d: 

H(p;cri. Oa. * 

A. n^entioned previously. .Hi. «" Tn'thf. ' ^g" «u!' 

„,..ion technique. The other .„ „o. .v.iUble: 

v.lue. of bearing and ^^PP^"' j^''' '"J b, 4,ed in.t.^d. Thus, the estimate 
the tn...ur«d value. 6^ »»«> ** 
of range i. taken to be the aolution of 

H(p:&.. '*^>- • " • 

R and t'i will generally have mean value, of a^ 
The meaaurementi 6. and ti w»ig . re.pectively. 

ard fifj . and .tandard deviation. Maj^^g '<"»RMS' 

Note that p i.Unplleltty.toctlonof.he 6^ and : «. 
.h..em.a.ur.d value. .h«.,...-o.. f in order .0 Keep H • 0. Thv.. 

f . f (fit. fit. 

Th..ha»Mt. P d», to change, in the fi, and t\ U ,W.n by 

• MP). 

« 
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3.S.I.J tU> •• Continued. ^ 
The p«ceding e,«..ion «' ---r^rndV,:^^^^^^^^^ 

The RMS value of . .ero-mcn «ndem v»rUW. i. the 
Standard deviation (a )• 



1 

o « (I A" 0\ 
we can derive from (J-20) 



E,„.tio„(3.2n.ln.pli«..wh» A(VrMS- '<«>RMS '"^tW 

m' •(^^.)'ii*'"-r r 

T..«, . «d=....»». »•'•• 

1965, pp. 230-2. 
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3,3.1.1 CU> - r.mtinm'd. ^ ^ 

The only rtmaining .tcp i« Ihr rvalu.tiun «f , »nd ^ . ^ 

... • A A /f, Af- 1 were known explicitly, thii' 
If »h. funcl...n p(o,. o,. 6.. 6,. if, . » • „,y vnown ln.p»cHly 

::'a7i:«Torr" ?n,r» F»n"c;;„ Th.o„^' m-.. invoK,.. b, tM. 

theorem £roni calculus : 



and 



dH 



. • ^ i. A A A A ^fs) iB Known explicitly: 
where the function H(p ; &i. 0». &3. 

« p 4 I qihj 4 ha - P - * j 

|((Di J (tin Ofi ) {^) («i 4 O, . Oa • «4)) 

ha • p - ra /-I 

where r . h , q. are fu«ctlP«. o£ a». Cl.. M„ M, and At i. the time 
between *mea'.urimenf. Finely, the abcv. equation, can b. evaluated 

' Protter> M. H, and M orrey, E. B. MoH.rn Mathematical AnMytis . 
Addi.on.Wetley, Reading, Ma»t., 1964, p. 492. 

UHCUSSIFIED 



UNCLASSIFIED 

S.J.J. 1 tUI 1- rnntinued. 



I and the RMS error of 
1„ the «.«t ..e«o«. both th. bu. W ,r, 
...lr„.t. for .h. .ouM..b...Un.. .in,>..m...ur. 
,v»lu»teii for typle«l e»»e». 

... J ,u) r I II 1 

d RMS .rror of the r»T.ge «.tim.te of 
in thi. .eetlon tht b... ""f ''.^^jq^e .r. pr...nt.d for .ev 

*.V.l different .y..."- S""'"" /i^/ 'y.".™ p.r.n,.t.r. (oP"" "^.i'/' 
,^,civer and txijeetory of t»iget) "J ^ »h»t »Uho«gh »"« 

;:r„cy Lnd tin,. *««-Vur" iH." o -i«r\ll circ»«.tanc... « i. f.-»V 
.„c...f«l for ."tain geometr.... 

Pk... range bi.. e»^" "J^ .^tual range p . *(P)rmS' 

•rror of the range e.tlmata. wai c 
partial derivative* of 

. , s . rT-..^ rn,n«.tat — -'"^ Mumericaj 

Tsoutbworth. K. W.Tnd P'^V"i9». pp. 
Method.. MeOra*-H»U. N.Y.. 19 
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S.S.l.2 (U) .. Cumtnued. ^ 

d„U indicate the location of .he »"»•""";" I' *7.„ „pre.cm*d by 
receiver (S). The v.riou. '"J"*"" " " d by .o^^^ "P'""" " 

da.hed line.. The error. "l^P^" ^" ,.gmen..^^^ .c.led .o 

tHe"oi".fo; .H. c.„ur .h. fron, .he 

trajectory repreBcnt* Pbi»i* 

The variou, .y..e«, ^'•-:"';:7,';;\:r;.\?dLd"dVv-M;^n. 
„1 the radar (f). time between '''J;, "..'ed on the fifur... 
orRSiS error.of the n,ea.u^^^^^^^^^ 

r„ an the «.-r.. C dUpJ.ed .«or.. ^X^.-dV.Ver.r.T 
taintie.. '(Ork^ ''*''RMS „ i„ , .jeular sa.e are larger. 

er/r: Va^r---." wo«.a Jpr,port.o„.t.l, ,r.ater. 

several eenclu.ion. can be drawn ''T «r"Vy be' 

particular conligur.ticn of t»"««"""„"tt*rle^'hL"-^^^^^ "cces.ful 

point, in a given trajectory but not at other.. 

rartivVar.r;:r^o\"rr5^^^^^^ 

that tt. the time between ^^l^, ,he e.timation of 

^ *t i.i«c»...-.th.K»«.xror.ofth^ . 

conatant -"VX^^'^l/d"^^^^^^^^ T' 
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* 1^.. ITU Raiifie Estimation Errors for 
FiBure 3-l6a (U). single Measurement 

Technique -Geometry No. 1 <UI 




, t/;v Range Eatimatlon Errori for 

Figure 3.16b (U). R*ng^^ baseline. Single Measurement 

Technique-Geometry No. I (U) 
3-40 
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Figure 3-l6c [V), 



RaTige Eftimation Ettots for 
Double B«.eUne. Sln^^e Measure- 
ment Technique- -Cenmetry No. 3 <V) 




- t 14^ im Ranse Ettimation Error* for 
Figure (U). Rang^^ ^^^^^^^^^ ^^^^^^ 

tncnt Technique-Geometry No. 4 (U) 
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• ft 



« iA- itn Ranfte Ettitn*tion Error • for 
Figure 3-l6e (U). Rang^^ Ba.eline. Single Measurement 

Technique -Geometry No. 5 {V) 




•n 



Figure 3-Uf (t))- 



RanRe Estimation Errori for 

Baseline, Single Measurement 
Teehnlque.-Geometry No. 6 (U) 
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• t • m«M |l 

1 



riRure 3-l6g (U). Range E«tim»tion Error* for 

Double BAieline. Single Meaiurement 
Technique— Geometry No. 7 (U) 




/ 

/ 

/ 



•.I- • Wto \y / 

, • a.i mttm \\ I 

'* • •••-^ \ / 

\ / 



Figure 3-l6h {Vh R»nge Eittmation Error* £or 

Double Baseline, Single Measurement 
Technique --Geometry No. 8 (U) 
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J. 3. 1 . 2 iV) " Continued. 

A t c^'c-- are observed in Fipurc. 3-lfc. The RMS error* 

:«U*nrh7m.UcMor"M"= UO ..c. ; Cor tr.i.c.or. n,e 

t.timtte error, ot Ic. th.n \i pete.i>t .re .ch.ev.d. 

3 3 2 (U) Error Ana l yse* of Smp j le-Basenne, l/ouo*v 

Ranpe Estimator. (U) 

The accuracy of the Single-Baaeline, Double-Measurement range 
The accuracy oi»ne 8 function of the accuracies of 

•atimating technique (Section 3. 2. ^' frequency. Expressions 

estimate errors are less than 15 percent. 

3.3.2.1 <U) n^rivation o^ ^^-^"^ Expressions. (U) 

As shown m Section 3. 2. 3. the true range can be estimated by 
the .olutlon of the set of equations (3-12 and 3-13). 

The following approximation, are also used to evaluate the RMS 
range error for this range estimation technique: 

(3-23) 

and 

(3-24) 

^* > (4 pAt • 
B,„.tlo„(J-U)i.«..-tof»»d.n.xpr...i«.fo. f, which U th.n tn.erted 
Into (3-13)10 yield: 

r(p*;tt\ «. Af, M)«0 
a single equation for which depends on the present and past measured 
values of target bearing and Doppler frequency. 
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J. J. 2.1 (U) ^f""'"""-^ 



Thee.tln,.te p' -/""Alrjoriinear U^^^^ *' 

i> ,re .x»eay true only when th.t '"J'""* ^, ,h, ,»,et v.Jwei O*. 
L%o.rarec.lver Th»^ inr^^^^^^ p^,.,. Th«.-. 

A£', A£ are taown, the •oiu«o« k 

RMS error, in target bearing . 

Cy noting the .in^^^f^ » ""ZT j^ oXio (J-«». « 
ment technique and (J-i5)- Thui. an. » 

that 

\{ity i^)'] f " • 

reeulta of evaluating the bias and 

technique. 

,.3.2.2 (U) TL:.nn« of 

X.e .xpecte- .rr.r. are V/jro^r:'^^^^^^^^^^^^ 
.ingle-baeeiine, «»~««-r/;V:l UTVTtV^i.curie. (one for each «a..K 
„«! J.18 it can be aeen »h»t 'arg.^ ^...etion .y.tem 

the range e.timation error, are ' /.he previou. teetlon the 

-Ammeter, are the .ame in aU ca»e.. A. » ^ ii„e .egment.: 

sever.: ob.ervation. «» be ^-d^J- ^^^^^^ .f^^V/ory 
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rigure 3-17 (U). 



Range Estimation Errori for 

Single Baseline. Double Meaaurement 

Technique. (U) 




Figure 3-18 (U). 



Range Eatlmation Errors for 
Single Baseline^ Double Meaauremenl 
Technique. (U) 
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S.3.2.2 (U) .. Cunltnuccl. ^ 

th. U.. .eclon. becu.. bi.. error, .r. e.u..<i by »hV"'";;» J,.'."'' 
I between me..urement.. Thc.e variation, occur only for oH-.hip tra- 
?.c*orTe. A. .hown In Figure J.17. the bia. i. about '•''/^^ 
i. the RMS error. The bia. could be reduced by decreasing the t.me inter- 

betw«n ob.erv.«on., but « the expen.e of greater RMS error.. >0,«th.r 
rt..r«tio^ from the figure, i. that the ••tim»to''' P"'"^'"".''*^;''* 
ft. location of the target with re.peet to the tran.-nitter and •h>Pb°"«' 
fecXrVoVexample. Figure J-IB .how. a trajectory *«ch 'J,. .Mp 
1. between the target and tran.mltter and the Urget i. beaded Erectly at 
Ihe^Mp. For thi. trajectory the rang. '"A".'!". wM^h fh. 

in <^ «.t the two tra ectorie. of Figure. ».17 and 9-18. in which the 
U,g" i. on a ny by trljectory or headed toward the .hip in a different 
l.oir.etry re.ulted in error, of le.. than 15 percent. 

J, J. J (U) Error Analv«<» of the Dopp '>r Location Finder. (U) 

The range «>d location e.timate. given by the Doppler Location 
Finder (DLF) depend on the mea.ured value, of Doppler frequency. An 
Lo^«.lon I. derived below relating m.a.urement uncert.lntie. to e.t.- 
™.h!^ .rror. Re.ult. are pre.enled that uemon.trate for a wide ela.. of 
TyVte^ geom Wl^ range error, of 1... th». 15 percent and bearing error. 
:ri..Tthan 6- can be achieved. In addition for one pariiCU^.T .y.t.m 
geometry the ruige error, are .hown to be le.. than 5 percent. 

J. J.J.I (U) Derivation o f Error Exorwion.. (U) 

A. de.cribed in Section J.2.4 target location and time derivative 
variable., p. ct. p.and b. are th. .olutioa of « 

Afj . h(p. er. P. br: Oj. * 
B<e.».e M. wUl J*.y. be mea.ured with .ome error. "»;^«"»*«''V 
!? : the eetUte. of p. B. P. h denoted by p. «, P. 

and & to th&t 

t\ « h(P. ! i^i* ^i' • i « 1. 2. 3.4; 

Am done is th« previous eectlons define 
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J.3.3.1 (Ul -. Continued. 



Letting the vector, m .nd v be detoed 



(1) 


• 




A defined a« 




\m. 


(ti). 


(■5t). 















V « 





then n. = Av ; ...uming A i. i«».rtlM.. v - A m . 

Ev^u.ttng J«.t the flr.t two component, of * «.d expree.ing 
them in RMS form yields 



'RMS 



(&&) 



'RMS 
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3.3.3.1 iV) Continued. 
Assuming «^ <^^»rmS *he same for all I, 



il[KV.)'l) 

These U»t two equations relate the RMS errors in Doppler fre- 
quency meaturement to the RMS errors in target range and bearing esti- 
mation. The other type of estimation err&r is a possible bias. For the 
Doppler Location Finder there are no biases since the equations are exact 
and use measurements from only one time point. Thus, the RMS error 
describes the total range and estimation errors of the DLF techniques, 

3.3.3.2 (U) Results of Error Analysis. (U) 

The expressions for ranRe and bearing uncertainties derived in 
Section 3. 3. 3. 1 for the Doppler I-ocation Finder were evaluated for a number 
«if configurations. It is shown that with reasonable Doppler measurement 
errors (i.e.. 0.1 Ht) the range error is less than 15 percent and the bearing 
error is less than 6* in many cases. The error results are presented In 
Figures 3-19 to 3-28. As with the error analyses for the other techniques, 
the urget trajectories are represented by dashed lines, the transmitters 
and shipboard receivers are represented by labeled dots, and the aitumed 
system parameters for each case are Included. The Doppler measurement 
RMS error for aU cases is assumed to be 0. 1 Hx; no value is given for 
time between measurements because the DLF l» mn "ln»tantaneout"«ati. 
mater* For this location estimation technique the errors In both range and 
atimuth are presented. The RMS range erroM are represented by line 
aegments scaled to twice the RMS range error along a radial line from the 
target to the receiver. The RMS bearing errors are simUarly scaled with 
a line segment perpendicular to the radial line. Note that no biases are 
ahown. The one major observation that can be made is the good performance 
of the DLF for a variety of reeelver-trantmitter configurations and against a 
number of target trajectories. In most cases the range erreri were lest 
than 15 percent and the bearing errors less than 6*. Of particular Interest 
it the ayatem geometry ihown in Figure 3-2B tor which the range errors 
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Figure 3-19 (U). 



Location Error for Doppler 

Location Finder-Geometry No. I (U) 



Iff 



•II 



1.1- • 



Fiffure 3-20 tU). 1-ocatlon Error for DoppUr 

Figure 3 su iwi ^^^^^^^^^ Finder-Geometry No. I (U) 
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Figure 3-21 (U). 



l^ocation Error for Doppler 
X-oc»tion Finder.-Ceometry No. 3 (U) 
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Fieurc 3-22 (U). 



Location Error for Doppler 
Location Flnder--Ceomctry No. 4 (U) 
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-I 94 mi Location Error for Doppler 
Figure 3-24 <U). J^^^^^^^ Finder- Geometry No. 6 (U) 
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FiEure 3-25 (U). Location Error for Doppler 

Location Finder -Ctometry No. 7 (U) 
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Figure 3-26 (U). Location Error for Doppler 

Location Finder --Geometry No. 8 (U) 
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FiRurc 3-27 lU). 1-ocation Error for Doppler 

Location Finder- Geometry No. 9 
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Figure 3-28 (U). 
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Location Error £or Doppler 

Location Finder "Geometry No. 10 (U» 
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1.1.J.2 (Ul •• ContinucO. 

.rc U.. than S percent. Thi. configuration can repr..«n. the -f .r.n.- 
;„"tcr. on picR« .hip. to pr«..c. . n«.t .Ir.r.li ..rr.cr. 

J , 4 ,u) r>.hrr Pp.. lb '- ot Error. (VJ) 

....... jf::.rrr»S£S'^ 

tiee. The.e .r. taken over a ""•j"*'.'"" tearing .t the middle of the inter- 
average value calculated '^"V«"^'\J^ .c"al bearing at that n,iddle 
val: in reality. '""If ' in U^ ca.^ ion.id.rld in .hi. .tudy. 

tlme.point may be -J'"*""'- " \. ,ig„ine.i.Uy .mailer than the one 
thi. bearing error wa. le.. th" 0. 1 • »'8nin" J„„„„ent.. 
degree uncertainty that w». ...umed lor bearing m.a 

A .econd .ource of error come. 'n^.TKutTam^^^^^^ 
^odel for .y.tem geometri... »»,p:V;;\%u trr.atT.M LpecUd to employ 
.bovc the ocean .urf.ce ^^'^^''^^'^IJ^'^'^^^X Tor the.. .Ituation. the 
low altitude, to avoid Une-of-.lght „ fto.e u.ed in a 

actual Doppler. «d bearing ".^e Siff 

planar model, to mo.t ca.e.. however. »h« «"«^«««;^» ^ 100 km 
„.a.»rement uncertainty. Tor example. '"J'lS.^jJoppi,, equation. 

Com the .hip i. .t a .LVion "gle. >^«°;-;^^;,Vrbe target w.r. indeed 
the actual Doppler wo^d be co. 6 ttme. »h« Doppl ^. 

flying in the plane of the »""/^"",'^ 'Vu« than 1 percent, which i. 
• than 0. 99, the Doppl.r would b. „,„„er the .lant 

the l*** tran.mltter and the .hip (D ). TM » Becau.e the 

depend, on th. "^'^.f ^^^.^and^^.X" ' ^ 

typical aeeuracle. , „„;t r«.ge ot JCO km (compared 

JSqu..). the a..ociated error. c«. be neglected. 
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3,3,4 (U) Continued* 



^.Vr: u":mln«l r l»miU.ion. in co„.put..iona, .ccur.cy. 

Th». the error. th.t .ri.e from the.e ether .o»rc.. c.n b. 
„S».et.d eo',JIpir.d to the.. ...mined in the pr.v.o». ..«ion.. 

J J. 5 (U) r^nrlu.ien. of A^'^W.i.. ««) 

th.t .U three technique. «jUy«d. the » , ,.iim.tor. .nd the 

technique, the •'»^»•^"•''"^• ''"":":^:hVn H^rcent ring, error lor 
Doppl.r Loc.tion Tinder, P"f>"^» dLF in parUcul", perform. weU 
cl...e. of urget "•j'ctorie.. The DLF. i» P*"'/ one of 

r„ .li the estimation -fttirr.m^.r' B«re\Ve"'''*^^ 
depend on both .y.tem ^"'"•'y^'^i^/J.u* ^^?.r different .pecific condition., 
three technique, perform •LioJe th.t employ, the ba.le method, 

i, ,ppe.r. th.t . hybrid location developed th.t wUl 

contained in the three technique. ^\l'^^**''^^„'^y) ever a wider rang, 
perform ..tl.facterlly Ojetter '"'^J* ^^J^/^c^lq" may rely on the DLF 
of fleet operating geometrle.. ^'^'^l^r^'t o' target bearing. Alternately, 
method a. . b..i.. but indude """"reTetholt for e.timating targe, 
the hybrid techniqu. -7.«7t°'di«.r/:t^^te. having large RW^vf^""- 
range, but incorporate te.t. to "l ^„ then be weighted to 

technique be Investigated. 
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Section 4 

£VorBtMENTAl. TESTING OF FAD 
^POLYSTATIC TKCHNIQUES 



L^) In the previous section, the invc.tigation of a polyslatic radar lech. 
W \ "Irf f«r FAD wae preae Thli invc. ligation included 

nique that can be employed for FAD ^" P"" method, and a detailed 

.xaniinatlon '>^/^«^^^^^^^^ analylicaUy there i. a 

error ^^^^y ^ ^h.m exoerii^^^ to demonstrate that a FAD early warmnfi 

VyltZ Z^::":.^^^^^^^^ ^-^^^ Experimental te.ts are 

ZllTor^ recommended for the FAD poly.tatic technique.. 

^ {O) Thi. .action describe, the experimental design considerations and a 

\y *K.«. t*BkB. The specific obtectlves of the 

^.tem deigned P»'«"^">y '»/ %h.„ thr«.e«o^. '^at impact on .h. t«. d..ign 
.xpariment. •iV^7"er\b.d B.^^^^^^^^^ tradeoa'naly.l. ol tha.e 

:^';:rifU V/^y«P«i;e»u .,dh.rdw.r,.,«.ec,mn.end,d. 



1.1 (U) 



OBJECTIVES. (U) 



The obj.etiv.1 of the FAD poly.tatic technique, experiment, .re to: 
d.tnon.tr.t. the detection ruige of the poly.tatic technique, 
and 

b. verify the predicted accuracies of the target location esti- 
nation methods. 

TK. obi*ctive is to show that the target detection ranges derived 

jneet the other objectives. 

^^r.A «b»ectlve is to verUy that the target location accuracies 



• • Continued. 



th. met lenuou. arc. .nd eunl.in. num.rou. random v.ri.bU. (.rg. . t r.r. • 
mmTr-t.rc«t-rceti».r geometry. me..»r.n.ent .cc«r»c.«.. etc) [ 



4,2 ,U) EXPERIMEN TAL CONSIDERATIONS. (U) 

,„ the d..ign of .Kperlment. ere nju.. be t.ken to 
.,..en, per...etcr. th.t .re crucUl to 

In addition, the experxmente .hould be l BO..ible. to the experi- 

eo.t utilialng exl.ting H^'^'.^at need to^« eon.idered. A li.t 

mental deeign there are a number o' „,%rlty oi the t.etori 

„1 the primary one. '"^^''^^.'^J/.'^'.^V^ 

<..g.. 'Vrot .xi.tlng equipment tor the te.t. reduce, 

needed tor the experiment. The 'J .imulated target., 

the eo.t ot the experiment. For .ome ««•* f!?*,'^*;. * «',; J^ud or buy the 
.hipbom. antenna array.) I I. »ot '""°7'\'^^\/^V.nd loc^ of ,h. experl- 
iv.tem .olely tor the experiment and benee the time ano loc. 
m.MT. rettricted to th. av.U.bUity ot th... .y.t.m.. 



4.2.1 



U/j |(P TranamWer Sourc... 



f.UU .h.dlr» m «;rt.w.r. and operational .chedule.. Li.t. ot the.e 
:i„r«I can b. t„und to the World Radio and TV Handbook. 

Exp.Tlm.nt.1 HF tran.mitter. and other radar, may *>• •'"P^"''"' 

.o track thf^rSTdurlng th. te.t. J'-'l^^;;^;: 
spheric .pundingt and propagation measurements are dcsitaw 
to verify the use o£ IF propagation modes. 



4.2.2 



Target,!. (U) 



T« Fleet Air Def^nsi the primary targets are enemy 
missUes. The ^ce and sut face-to-surface mlssUes generaUy 

-crosVreX^^^^^ tested ^^^^^^^^^^^^^^^^ 

^rtxetX^estimates of operating cH-Yj^l^-^^". ^i/^"^* '''' 
aircraft and mlssUes that are threats to the U.S. Fleet. 
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EMS j ftx'^t' . 



(This pag 
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TABLE 4-1. (U) 



EXPERIMENTAL FACTORS. (U) 



I» Trmnsmitter Sources 

a. Location 

b. Operating Frequency 
c Schedule of Operation 



d. 



Effective Radiated Power 



2. 



Simulated Targets 

a. Type and Site 

b. Availability 
e. Number 



3. 



Receiving Syitem 

Platform: Shipborne/Landbased 
Antenna Arrays 



a* 

b. 
c« 
d. 
c. 



Receivers 

Proee..Sng .nd D.U Stor.«« Eq-iP"*"* 
Test Equipment 



4. 



Test Location/Condition* 

a. Source* Availability 

b. Target(8) Availability 
e Receiver Ability 

d' Similarity to Operation.! Environment 

e. False Alarm/Noise Level* 



0) 

CANDIDATE SOURCES TOR FAD POJLYSTATIC 
XXPERIM r.NT, <U) 



Atlantic Cost 

a, Broadcatt Tran»mitter» 

CBC - S*ekvine, N«w B run • wick 

Vjgy W - New York, New York 

VOA - Greenville. North Carolina 

b. Experiinental HF Tr anamittera 
MADRE Radar - Virginia 
Carter Cay • Bahamas 



Pacific Coast 

a. Broadcast Transmitters 

VOA - Dixon, CaliforaU 

VOA • Delano, California 

2(0 £1 • Belmont, California 

b. Experimental HF Tr ansmitters 
Stanford Uaiwelty - P*lo Alto, Califomi* 




r 



4 2.2 Continue J» 



In the cxpcrln.enU the .ircraft and mi..ilc. nee d to be evaluMe.l 
for a vricty ..f uperatiun.l prufilc.. Including . number of .e.tterlnf peom- 
Itiie. Ind tlroet altitude.. Soviet air-tu-.-rfacc mU.Ue., lor "•n'P»«- 
:^ow^ To be of bem, launched a. a ran^e of altitude, but '«•' - » '7 
iuuude profile for minii™>n, detection. The typical aircraft approach . ... H y 
elo.e to the ocean .urface to avoid Jine-of -.ight radar detection. The larm u 
:.ed l^the CKperlmen. .hould .on.i.t of two <«'""^'"t 

operated at^elociti.. comparable to Jho.e o, ^H--^^,' •-J^;;^^ 
and other aircraft maneuvers »hould be tc»ted. ^houio ine 

Signature and location evaluation. 

Betides the intended targets, there may be commercial miUtary 
aircraft that are operating in the vicinity of the transmitters and receiver sites 
aircraf that J ^ -^^^ j.j.e aUrms during the experiments . 

SuleV of- .u?;nighU :::e7^^^^ o^ainea where possible for the evaluation 
of the experimentally collected data. 



4.2.3 (U) Receiving Site. (U) 

In the FAD poly.tatic radar ay.tem concept the receiving .y.tem i< 
located on one or more o? the .hip. of the flee, being protected. Ho««v.r 
for exoerimental testing the receiving .y.tem can be located on a .hip or at a 
[^db.«dT,t: The «l of a .hipbome platform ""...itat.. a 

:rdr..>v.H^^o^v.ingof.^ 

«.?.\V;^"uc oVth. .xp.^^^^^^^^^^ the normal operational problem. 

HF DF Irray and appear, suitable as .hipbome receiving platform. The 
potential landba.ed sites include the following: 



a. Vint HiU Farm Station 

b. Madre 

e. White House 

d. Eastern Test Range 



East Coast 



A.Z.y (U) " Cnntihufd. 

e, SUnlord Antenna Array | 




f. Lot Banoi Antenna Array 



I 



Wcit Ccot 



Of the two type, cf .lie. the UndbMed lite U recommended bce.u.e "f 
»«,.tirn.l .impliclty in conducline the te.t.. For thl. .ltern.t,vc her.- 
?r.r.^r.r to te.t equipment .nd the .eh.duling of d.t. eoUcet.un 

lot n .evere". for .hlpbom. operation, to addition, the eoUection .nd 
;rocV.Ifn7 of thip n.vig.tlon.1 d.l. i. not r.,»i».d for experiment, u.mg . 
Undbased •itc. 

4 2,4 (U) Teat Location/Conditi ons /Evaluation. (U) 

The tpecific te»t location, condition! and evaluation depend un a 
combination of the factor, de.cribed above. The •-"•^^^^^^^^^^ 
iMrseta and receiving titci dictate the .ea»ibU»ty and cost of conducting 
: the Atlantic and Pacific coast.. V^^.n ^^-^ '"^y/^,:;* .^r"^^' 

^^^A fth« orlnciole test location, for consideration are the Pacific coast 
Northern rS .):.. .«<> Southern AU.ntic region. Of the.e region, the one 
thkt appear, mo.t .ultable i. the .outhern Atlantic region. 

4.2.4.1 rf^T. St Location. (U) 



The .outhern AO.ntic region i. recommended lor the FAD poly 
.tatic te.t. for a number of r.a.on.. Flr.t there are a number of broadcast 

^n. ava Ubre? Second, forw.rd-.catt.r t'^^'V*"'' C^T^lVc?"."' 
tative for FAD can be achieved by u.ing tran.mitter. from Co.t. 
Jo.r cJb. Paraguay and a receiving aite at Vint Hill Farm. St.t.on. the 
Mad;. rVdaVatu the White Hou.e .ite and/or the Ea.tern Te.t Range .. .. 
S^:'. lu^^t a la^dl!:..- ait. to be employed in.te.d of a ""P ;«V,t* 
.v.tem The te.t region contain, a anfftcient amount of non.ho.tiU aircraft 
« thaT'falT. Uarm .fgnature. can be examined in conjunction with target 
"gl.*ui«. In addition. mo.t of the n.c.ary receiving equipment i. avaU- 
Iwe «d demon.tratlon. c»i b. H»d. to Government P"'«r;» '"r" 
the Wa.hington, D.C. area. The.e rea.on.. plu. other, .ueh a. 
abilUy of HF^aibration equipment (e.g.. lo^o.pheri. ..under.), make the 
•outhern Atlantic regio n preferable to the other.. 

4.2.4.2 iJtC^) T««t Cendittona. (V) 



Once the te.t location t. aalecled the te.t condulon. '"at "..d l" 

delineated include primarily the tran.mitter frequeneie. to be u.ed targe 
?e". trajectorl... the equipment to be utUi.ed. and the data to be collected. 



te.t trajectorle. 

: 4-7 
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r A'c-wnVr'; v.r»:.t;u --Vhr/crrc; «... 

bv"lr»jcc»ory .touJd b« conducted, time an „„,. ,, „x,Krin,cnli.l 

MI..H.. .omp.r.blc to the S°-'' .^.^ou. r.nRe.. .l».ud.-. 

t: "ued. if po..iblc. ;;^Ve Sr^at-e. of mi..»c ,r.icct.mc. 

...rf DDrpaUnB condition*. At U»»» tn'^f * ^ cxtr.polmtion of enpt-ri- 

thouW be obUined different ;«;;;^'J.^;:r.\h^ .y.ten.'. .bilUy to 

„ent.l d.t. from .lrcr.fi t.rget. *° 'VTR^t.-re.. T.ble 4-4 .umm.r.re. 

rrXttrrlm^r^-IlL^^^^^^^^ — 

tH. receivin, - v.- ';''xro:;:::r ;.ru.e- 

„.nt include .n •"««'»VJV'""' "'jV^ied .It., (e.g.. Vlni HiU r.rm. 
peripher.1 equipment. U on. "•7"„„, ,„„.m equipment nece...rv 

It.tio«. i. empioyed. .h.» «f ^^^^i^^.^^ of the "i^^^'^'ZiVi. 

i::,^:. :h"";.^nri"e ..encv ..nduct t^ im.nt.. 

. J. be collected Include »ll!n.» .n"! 
The experimental d.ta th.t """"'•'.'^•'Br information associated 

data can be procetied to: 
and 



. , 



i 



b. 



the tareet locution estimation 
verify the aecuracle* of the largc 

method. 



_ TAD target detection range capability 

la order to demonstrate V** J^^* ".^..^ed in previous sections of 
«d the.accuracy oC the ^-^^^^^ l^'^XVc^^^^^^^^ l'^^''' 
report, a .y.tern 'Vl^^ope^^^^^^^^^^^^ HF C>V tr.n... 

— r test target, at beyc^^^ .paes: ^ 
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^\zST PARAMETERS FOR EXPERIMENT. W 



TABLE 4 •4. 



Tr*n«mitter»: 
Target Typesi 

Transmitter- Target Range*; 
Target*Receiver Range*: 
Aircraft Altitude »i 

Approaches: 

Maneuvers: 

Target Velocities: 



Cooperative HF. and Noncooperalive 
HF Broadcast 

Aircraft, Missiles 

50, 100. 200 N.M. 

50, 100, 200 N.M. 

200. 500, 1000 feet above ocean level 
Head-on, Flyby 
Turn, Climb, Dive 
250-400 ft/sec. (Aircraft) 
700-7,000 ft/sec. (Missile) 



; A»....tU.r..n.i»>U .ign.tur.. .» 100 NM r«.... «0 U .Uitud. 
with a head-on approach. 
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ISO-T 



ORC MM.r 
ifNCM MRAT 



I 



3i 



l»-)90A 
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LOW M^S 










omcTw/ 
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TIHt COOC 
CiNCftATOR 




31 



••J90A 
RECCIVCR 




OtTECTOR/ 
flLTt" 






«-)90A 

ACCCIVCN 




OCTtCTOA/ 
LOU PASS 





A/0 



TTY 



VMim 620 
COHPUTCR 




OlSriAT 
CONTROllt* 



1 



Figure 4-1 



System Block DUgrem. (U) 



V;«r~ 



4.3 



Ci>ntinvjcd. 



a, the double baseline, ainple measurement moae; 

b, the tingle baseline, double measuremem mwoe; «i»iJ 

c, the four Doppler location mode. 

Tareet tracking using the double-baseline technique would be accomplished 
?y measuring the Dopple, .hilt on two paths and the •PP^'"' '"^^^^^^^^^^ 
to the target ror each transmitter frequency. Both «al.t me Doppler and 
rell'time .ximuth would be displayed on a lax display. Similarly the single 
blsel nT, tw^mea.urement technique may also be used lor target location by 
maWnrtwo successive Doppler mnd two successive aaimuth messurements 
Teo^rat^rby at least l^ Finally, the four 

I^Vp^er Ur^et locati^^ "-V this ay.tem by using 

each of the four receiver, to measure and display Doppler only. 

The design goals of this system are to-- 

a. measure »«lmuth to 1* and Doppler to 0. 1 Hertz; 

b. be easy to operate by an untrained operator; 

c. be ultimately suitable for shipboard shock and vibration 
environment; and 

d. be principally composed of off-the-ahelf hardware. 

Th* one decree aximuth and 0. 1 Hcrta Doppler measurement accuracy are 
LseHp^nVhe location technique and error analysis results. The required 
^r2tor.kiU to use thU system for target tracking is ^^^^J. '^^P^^ T^^^ 
ooerator simply t^mes each pair of receiver, to the appropriate *f "^"T' " . 
?r«u*«ev oTinterest. During an event he ob.erve. and record, the displayed 
'lL7^?r^d iupl^^^^^^^^ a^utl Signature for the target ^^-J^^' J,^^^^^^^ 
iTiS*. the DoDoier and aiimuth data, and Input, thi. Information back into the 
I^outlr t^aolve f^ range. The basic hardware Item, for thi. .y.tem are 
.KlVr«rMnM rugged enough for a shipboard environment. All 
Tl":::^^^^^^ except'for the R390 receiver, which is used 
lor shipboard HF communication.. ^ — 



4.4 <U) T^irSTCM CONCEPT. (U) 

Th« following .ub.ection. dl.cu.. In detail the block diagram, tech- 

nsque. for Do;>"^^ "^^^'^1 I^AfrAir^t 

general operational procedure.. ^ 1^ Sf ' 



(Thit pagtr U UNCI-ASSIKIED) ^ vi.fi JeJj/ jU 

4,4. 1 (U) S Y»tgn> Dg»cription. (U) 

At 8h--r in ri£»r« 4-1 the antenna array consi»t» ut a linear 
di.p.>..d antenn; wltl on/.haU ol the array connected to one -j^**;;;- 
rLnnrU ISO-T'. are uied to dWide the aignal |Kiwer bciwrcn the ts^o 
ZZcU. S;°a!H data .hannei the aignaU are -mblned in a ybr.. .^.ch 
produce, .urn (D and difference ) output ^^^^-[\' J^^ ^A^OA rcceW 
milter to be .pectrum analy.ed !■ tuned up uting standard R390A '"^J^^"- 
The paired rec'Iiver. are g'ain matched to provide "'"•"'Vf ^^^^^'^^f 
.1 **.cur.cv The IF output ol each receiver i» envelope detected 

TzS Her., lindwldlh .o prevent .li..irg during th. ..mphng 

A/n converter. FoUowlag .»mpling end A/D conversion the d»t« U input 

^ecTrcX. ns'^^iwer iS th. V.rUn 620/f computer. A total «' '"P"' 
buM.r. .re u.ed to .tore e.ch lO-.econd duration .IgnU to provide the 0. 1 
Hem resolution required. One ch.nn.1 . time U .peetr-m .n.ly«d 
»"n£ the rrr Ugorlthn, .nd th. voU.g. .pectr.l den.lty l. clcuUted. The 
d.tl .ignU 1. logrithmidly eompr.e.ed .nd matched to the dyn.m.c 

on th. dUpl.y. 

4.4.2 (U) Aetmuth Alitl- of-ArTiv»l C.leul.tlon». (U» 

Th. n..gnitud. of th. .p.ctr»m from the delt. channel I. combined 
with the prevlou. .p.ctrum from the .um channel to ""P""'^* ;,i 
Trrlval of ..ch tim. fr.,uency cell for that .pectrum. Jh' «gl.-of-.rr.v.l 
from bor..ight for ..eh tim. fr.qu.»ey «.U m.y b. .«pr.*t.d .t> 



' I D d eoi C I 



where 



X is the operAting wavelength, 

d it the physical eeparatlon between phase centers of the 
LDAA antenna, 

E ts the elevation angle -of- arrival. 




UNCLASSIFIED 

4.4.2 (U) Continued. ^ 

t is the i*** frequency in the Lelta tpectral array, 

i 

r. it the l**" member of the aum apectral arrty, and 

a ia the azimuth angle-of-ar rival of the i**^ frequency time 
^ component. 

angle •intcnalty format. 

-.w f^tt f » it also atored in a matt-ttorage disk for 

The function .,„ed alto in a recirculating buffer 

Ind di.pl.y.d on . p.p.T w.U being .ter.d en »k. di.k. 

4. 4. J (VJ) D»t» Extrtction . (O) 

When . Urget detection i. m.d« at noted by observing the Doppler 

*^l^l-'^'**''"'^'''^l^l^'^^J, b..eUne. double -m...»»em«nt technique 
S:l\«rthe Uerl^V . .V^^^^^^^ time. fr«,»ency .nd t.rget «l- 
is under tett, the »P«"\f/ j,, 60 .eeondi Uter the operator 

„u.h d... .. V,>^V Cd.r .nd .rg.t ..imuth d.t. on th.t .ame 

the operator to review. 

.i*u *K. t>n«r&tor hat dit played for hit viewing the computed 
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4.4.3 



Continued. 



in Figure 4-2. The rack .t th. l.ft l^v .-PPW. 



4.5 
4.S.I 



(U) 



The .pecmcauon. rc. th. .pectn^n. ana.y.i. ponion of the .yten. 
• re given In T»We 4-5. 



T.bl.4.5<U). spectrum A»Uy.l. Sp.«i«"«o».. ««» 



INPUT 



OUTPUT 



Sample xAte (per channel) 

Number of channels 

Fast Fourier Transform »l*e 

Number of seconds of data 
per transform 

Frequency resolution 

Bandwidth (folded) 

Displayed bandwidth 

Approximate time required for FFT 

and angle calculations (per 

channel) 



SI. 2 samples per second 
4 

512 points 
10 

O.l Ha 
0-25.6 Hz 
0-20 Ha 

500 msec 
500 percent 



2vf 
e 
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4.5.1 (U) 




I If A.tumc V ■ 600 MPH, ihr 
xvhere c - ^ - .0 ••-^-y • .ircr»lt recommended for the e«perifncnl 
„.aximum air.peed for the •J'fJ^/^^^^.n.iuer frequency u.ed In the 

I » 10 mHx which will be « »yP^"^;" ^j,^ b.ckic.uer catc pro- 
experiment, we get . '"«*-^"f]^ J ' "^^^ or le.. are expected in 

duce. the largett frequency .hiftond J^;"* .j^^^j adequately die- 

mo.t ca»e». Thu. a di.played bandwidth ^^l?^^^^^^.^^ be diode 

all data collected in the -P-;^^^^ about xero Hertx in the O^ZO Hz 
detected and the .Ideband. ^f^^l^^^^^^^^^^ ^^t be available from the 
displayed bandwidth. '^^^Vt^l^'^^i^: „Ud a* part of an experiment. 

di.pUy. Ho-ever •j-.Vt.Vgc pTppT r ^ ^^Jn a priori to the oper- 
the iideband aen.e of the . aoectrum is that the time required 

ator. The chief advantage ^^^^^^'^^^^^^^^^ core .tor.ge arc all 

for the Fast Fourier Transform and the aiSK an 
halved by using the folded apeelrum. 

tr.T 0 1 H* resolution is set by the nature of the 
The requirement for 0. i n» 

range estimation techniques. 

*,.«.*nt> for resolution and bandwidth, the A/D 
Using the requirements lor .amples are stored for 

.ample rate is 51.2 '"^P^^VP".;^""!; J^VftT^^ on the 512 

vl^Lnnd. and a Fast Fourier ^^^^^^^^^^ domain points which 

Samples. The output of this trans^^^^^^^ the 
represent a bandwidth of 0-25.6 ^^^^ » ^^ceiver is not an ideal low- 
lo^.pas. filter -^^f I^^^T ,'VtVenua^^^^^^^^ 

n-r^r^^eq^;^ The -I. play.d bandwidth has 

been act at 0-20 H* for this reason. 

•d.t. manipulation. U "''Z^''^^: ^ llo^'^^^^^^^ m.nipul.tton. i. 
lor the ».lm»th uigle «»»«<»1»"'"* •yrT etHtnate obtained from . 
. ..tlmafd to b. 300 n^l»«««V .Z^.'d e"pVrTI^n bttw.n th. SEL 810B 
,.Utly. compuUtlonJ fr"'\*^il!l ti, mV^!^Mm. th. V.rl.n 620/f. 
comp»t« .nd th. V^f?'"- P"7;*1/r250 mmi..eo*nd. to do th. ,r«..form 
Pro<r.m. wrttt.n for '^j'" uir. 350 mmi..eond. or U... Th. 

and th. .llghUy .low.r MO/I •^"fj,"X".t.rmln.d by coding . ..mpl. 
..tim.t. for th. ..imuth th. tlm. to perform thi. 

loop which compute, th. »»'"»^ ' J^'J^'nT. from 

:nrrf::tri"i.T:Koi^ ^-ivd th. 



used. 
manlpulatioBt 
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4.S.1 <U> - Continued. 

I I *k-u rrTf and Ihe n>iU»- 
Thi. .oul of 700 milli.ecj.nd. 'I"* j!" VJ,' '"^ ,,„ivt.r p.ir 

r. .bl» to proe... ..ch .»mpl. of ^»«» i"'\;*„.f„,med d.i. divided 

•puty f.c.o, i. defined .. t"7;rfo° t"^^ Th«. for 

rrr;ji'rv: roo'=rdf d., f..... 

10. 0 ^ >0»0 . 500 percent. 

(0.50)14) ' 

. . ,^ «f j.ta is orocceted 6 timet. Storing the 

it displayed. 

The two-ton. dynamic r.ng. of .h. •Y*"'" ^l^JJl^^^,, 
U .be limit .v.U.b,. with . l-XrlZ^I^.^ T^Z^Kt^^^^^^^ tb.t 
r«>g. i. M.o •PP""""*'!'! jr.dditlZ .tmo.pherie condition, .r. 
lU:X.«:trt tu^nXrcH^et^^L; . two-^on. d,n.mi. r.n.e o, 
greater than 90 db are very rare. 

4 5^2 (U) Atimuthal S p^cificaUoni. (U) 

4,5,, (U) c.~..| T» .«d Dltf T «r"»'**«°"'- 

«. ,»™»ui.r eoT« •tor.g. ».quiT«nent. for the programming 

-ehown m TaWe 4-6. The total of 7. 150 r (eaturei are added to the 

4 K Increment. o£ memory are avaUable. 
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TABLE 4.6. m COMPUTER CORE REOUIREV.ENTS. W 



Pro|^ram» 

Signal Proceiiing Program* 
Diic K dling 
Ttletype Handling 
Range Algorithm 



Buffers 

Input Buffer 
Time-Weight Table 
Sin/ Cos Table 
Work Area 
DiftpUy Buffer 

Total 



1500 
400 
400 
2000 
3900 



204S 
256 
128 
512 

275 
3219 

7150 



3250 



bNCLA»iricu 



4.5.3 (U) CinUinuc<l. 

The arimuth calculations will rcsull in an 8-bit number l*r byu- 1. 
Each of two receiver pairs will com|iut« 200 aaimulhal point* every 2.0 

-.. ,» ,» t^iti vtill he cturcd 2 bvtcB ti* a 1 6 -bit word on 

the disk. The disk to be uued in the .ystem hat a ttorage capacity of 000 
words: approximately 4,000 words will be used for program ttorape. At 
200 words every 2 second*. 600 teconds of data will be atored on the Ji*k. 
The clitk will always contain the most recent 10 minutes of data. 

The spectral and atimuthal data will be displayed on an electro- 
sraphic facsimile display. The display, shown in Figure 4-3. contains data 
from each of the two receiver pairs; these pair, arc referred to as Channel 
A and Channel B in the figure. Each channel contains a spectral display of 
frequency, amplitude and time and an aaimuthal display of angle, amplitude 
and time. The specification for the display are also given in the figure. At 
a sweep rate ^f ont line per second and a resolution of 99 lines per inch, the 
most recent 30 minutes of data will be displayed on the fax at one time. In 
addition to the spectral and aaimuthal display on the fax, the time code will 
be put on tU fax. On the edges of the fax the time of day and the Julian day 
of the year will be encoded; this code will be put on once an hou.% In the 
area between the spectrum and axlmuth dlsplaye. marks will appear at every 
one and ten minute transition of the time code generator. 

(U) COMPUTER HARDWARE DESCRIPTION. (U) 

4.6.1 (U) Computer. (U) 

The computer selected to perform the signal processing and 
related functions is the Varian 620/f. The Varlan 620/f computer is a high- 
speed, general purpose, digital computer for scientific and industrial appli- 
cations. Its features include 

'Fast operation: 750 -nanosecond memory cycle 

J«arge instruction 

repertoire: MB instructions 

Word length: 1^ 

Modular core memory: Expandable to 32. 768 words In 4, 096 increments 

Automatic daU transfer: Direct memory access facility P"^>J^«» »;"*°- . 

matic data transfers with rates to 276, 000 words 
per second 
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SPECTRUM 



CHAKNEL A 



CHANNEL t 



AZiHUTH 




CALIWATION 
ItNES 



on: and ten 
hinute marks 



TIME OF DAY, 
DAY OF YEAR 



SPECTRAL CHANNEL 
AZtMiTHAL CHANNEL 
MIPLlTUOe 

HORIZONTAL »«pLUTION 
VERTICAL <TIHE) WSOLUTIOM 
SWEEP KATE 



0-20 HI 0.1 HZ RESOLUTION 
li IN. WIDE S Hi PER INCH 
.30° TO ^30° O.??"* RESOLUTION 
2.1* IN. WIDE 25^ PER INCH 
32 LEVELS OF CREY SCALE 

SO LINES PER INCH 

99 LINES (SECONDS) PER INCH 

t LINE PER SECOND 



Figure 4.) (U). FMhometer DlipUy. (U) 
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j^j^^l (U) Continued. 
Multiple acitlrvsiiint;: 

Flexible l/Ot 



Extensive •oftw»pc: 



Direct, indirect, relative, index (pre anri ih.ki.. 
immediate, and extended 

Ten device, may be placed on the I/O bus. The 
I/O system can easily be expanded to include 
feature, such as automatic block tran*ler, 
priority Interrupt, and cyde-stealing data 
tranifera 

Complete package includes a symbolic assem- 
bier, subroutine library. A/Ddiagno.l cs. and 
an ASA FORTRAN compiler 



The mechanical specification, for the 620/f are 
Dimensions: 



Input voltage: 
Input current! 



Tcmpera^Mre: 
Operating 
Storage 

Humidity: 
Operating 
Steraga 

Vibration: 



Shock: 



The mainframe and expansion frames are 
10-1/2 inches high. 19 inches wide, and 21 
inches deep. 

lOb to UdV ac or 210 to 250V ac. 60 H* 
The mainframe power supply requires approxi- 
mately 15 amperes ac: each expansion frame 
power supply requires approximately 4 amperes 
ac. 



0 to 50 ^tgrt^s C 
20 to 70 degrees C 

To 90 percent u-ithout condensation 
To 95 percent without condensation 
3 to 10 Ha at Ig force or 0. 25 double ampli- 
tudo. whichever Is less. ExponentlaUy- raised 
frequency from 3 to 10 Ha and back to 3 Hx 
ever a 10 minute period, three complete cycles 
This apecUicatlons applies for aU three prin- 
cipal axes* 

4g for n miUlseconds (all three principal 
axes) 
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4.6.1 (U) Continucil. t- 

Thc 620/£ was chosen on lh« b»tl. of four factort- 

b. cAf ability, 

c. mechanical apecificationi, and 

d. coat. 

The 7S0 nanc.cond cvcl. tin,. »| »';,«;/"^{,,7*;V.d\nc:!b^^^^ 
,.....» 16.bit computer. "'""''"'»"V,;:^\*^i^ .xecutio" £ the TFT .«<! . 
»ith a powerful in.truetlon ..t wh.eh P""'" 'YJ,""^„t„ „c,or of over 
.rimuth .njJe cUeulttion V«""J'K':\:"1,*^";„re tibrt^^^^L .nd .hock 
500 percent in the P^^'^"/' ^'!;;7„''a" MO^ 

^r^f vr^.-r:::iTrtTo7fr;! f or.on,p.u. .o .o.. o. .^e 

Ifc-blt computer, in it. perform»nce lield. 

4.6.2 (U) AT..lor-to-iy fi"' Converter. (U) 

Tb. .nmlog to digitU converter (A/D) .elected 
tHe Ravtheln Minive'rter. The model of tb. 

AfD wMch has a throughput rate of ^f^'^";: *" *P",rt„ „ packaged in a 

::r,tm';^: j:rr^."p-"^ » • 

4.6.3 (U) KsJi* (U) 

^;Ved dU^y^^ •^•'•"^ r.quiren,.nt.. 

The apecUicatlons for the Model X-107 are- 
Maximum capacity blta: 1.080. 000. 
Maximum capacity worda : 67, 000 
Data heads: *• 
Timing heads: ■ 
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4.6.3 (V) " ContinuciK 



Maximum bitB/tr»ck: 24,000 
Rotation .peed. RPM: 3.^00 
Clock frequency, MHx Max.: 1.4 

The fnech»nicU »pccllicAtion» are— 



Dimentiontt 
Weight: 

Operating environment: 
Temperature 
Humidity 
Shock 

Vibration 

Nonoperating environment: 
Temperature 
Humidity 
Shock 

Vibration 



Power requirement!: 
Disk 

Qectronict 



6 inches high x 9 inches diameter 
12 pounds (approximately) 

0»C to 55*C 

90 percent R,H. without condensation 
lO.Cs IJ.msec rise time (no shock isolators 
required) 

Z.Cs acceleration max. , 5 Hx to 50 Hs. 
(no shock isolators required) 

.50*C to ♦TS* C 

95 percent relative humidity, no condensation. 
15.Cs 11 -msec rise time (with no shock 
iitolators ) 

MU-Std-8l0B, Method 514. Category (CI 
equipment specification used as a guideline. 
This equipment category is for shipment Dy 
common carrier, land or air. 

115V »c. 50/60 Ha, tingle phase 1.5A 

+5V dc at 1.4A 
-SV dc at 0.25A 
425V dc at 0. 2 A 
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Thii P*ge latt»tion»lly BUnk 
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system pcrior) 



Th« propagation prediction program used U» eslimale the 

^..^mance basically combines a modified version of the I liiA/ 

ESSA HF propagation prediction program for mode and mode amplitude 
prediction: the bistatic radar range equation to predict the received siaiter 
path power: »nd an ITSA/ESSA noise prediction program to estimate 
atmospheric, man madc« and galactic noise at the receiver site. 

(O) The prediction program package consists of individual 

compuVer programs that (a) compute a target trajectory: (b) predict 
propagation mode structure and mode amplitude: and (e) predict the doppler 
and missile cress -section* 

>) ^0 The trajectory simulation program eii2mates the missile 
or aircraf^ajeclory based upon fitting the night profile to a functional form 
using a least* squares fit technique. The required inputs 4o generate the 
model profile are liftoff and burnout times, launch aaim*rth, apogee, and 
range. The program then computes altitude, range, laUtude. longiiode, 
velocity, the »pecd of sound, Mach jsumber, Mach angle, local target 
bearings, local target elevation angles* And acceleration. The computed 
parameters serve as inputs to the propagation prediction program to dcicr- 
mine mode structures '^'ith a time varying terminal poim on the trajectory. 

(0) The ITSA/ESSA preparation prediction program has been 

modified tallow for non-congruent hop structures and lor propagation to and 
reflection from a point above the earth. The program predicts the mode 
structures that meet ionospheric propagation conditions on each of the three 
paths: the direct (transmitter-receiver) path, the transmitter-target h,.lf 
path, and target- receiver half path. In addiUon. the propagation losses and 
antenna gains for each mode are deteimlned. For each mode predicted on the 
transmitter-mlsslle half path, an • Incident" (at the target) elevaUon angle, • 
. measured from the local horlaon. it found. For each mode predicted on the 
target-receiver half path, the ••scattered" elevation angle is also found. These 
paran^etera are thea yaad with a modeled profile to predict doppler frequencies. 

( V Propagation predictions are based on empirically derived 

world Widffuunerlcal maps of vertical ionosonde data. The results are 
monthly ionospheric eoeffieiants which can be used with the parabolic la^er 
assumption (parabolic electron density variations in the E and F layeriii 
to predict monthly average ionospheric conditions affecting a specific ray 
path at ony hour of the day. 

^^— • 
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App* A 



- - Continued. 



W tn Ih. prediction model. .11 U«. or .IgM. E .nd F prop»«.Unv 
mono between ihe tr»n»mltler »nd the receiver, me 

prediction*. 

fx \\ After the mode etrutlure. th.t meet the lono.pherlc condition* 

.re iL^tlSTuH^. be'tw'een hori.on.el Vd"' T^.^^^^^^^^^^^ 

"necHonlo... The NBS empiric.! •-j-»«»"\*'Vr, 'V'^Thl. ?.c^or I. 

ft:r^r.rrv?rr:.'r.v.r.%^^^^^ 

roallnc* or t»i» Uble» »r« u«ed. 

/ L>) • The ur«et •e»tt«riiig model (or ml»tllc urget. above 

bow shock wave. The shoek-wave leauering . .hock-wave nurface 

:rArrr.-.C"r .-r ,!rr,r»i r :j: 

should be eeymplotic to the M.eh cone. 

((/) The direction ot the r.y. for the 

reflection. 

Trj;itTit-Vdi:::«.r:r;^ «o, mu.u. 

below >00 km. 

/ '?7k. i:DAAreeelvii.£M>tenn.»rep.rtoftheprogrMn. The 
*"!'^u.r« for tt. tS^X w.7olt.lned f«,m d.:. .»PP«ed b, ITT by ..in. 
•'^ "trilnl^. •r.«et.db,th. .»r.y «.ctor technique for 16 monopole 
:r.m:.u':^d".S: S .v*-*:. from .c.«.d mod^ me..urem.nt.^ 
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